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INTRODUCTION 
Numerous investigations have been made during the last 
several decades on the ability of soils to supply phosphorus 
to growing plants, but few studies have been made concerning 
the distribution and nature of soil phosphorus throughout 
genetically derived soil profiles. There are certain inher­
ent limitations in making genetic comparisons between soil 
profiles insofar as the soil phosphorus is concerned. One 
of the first obstacles is the procurement of profile samples 
derived from a uniform parent material "but which are strongly 
contrasting in their genetic properties. Another difficulty 
is that the techniques which have been worked out to identify 
the forms of soil phosphorus leave much to be desired. How­
ever, these techniques have given some very useful indica­
tions concerning soil phosphorus, and it was thought that, 
even with their limitations, much might be learned vrith 
chemical methods about the effect of the cycle of weathering 
on soil phosphorus during soil formation, providing suitable 
soil profile samples -were available. It was considered 
that certain loess-derived soils in southvrestern Iowa and 
northern Missouri would possibly meet the profile sample 
requirements. By selecting nearly level to level sites 
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along a traverse extending frora western lovm southeasterly 
to northern Missouri, profiles could be obtained that varied 
widely in genetic characteristics, but which had formed under 
relatively f^iriilar conditions as to slope of site, vegetation, 
nature of parent material, and climate. Time of soil forma­
tion vras assumed to be the important but variable soil 
forming factor inost stronpiily reflected along the traverse. 
It was assumed that by using this approach some of the var­
iables of soil formation could be kept to a minimum. 
The objectives of this study were to determine, insofar 
as possible by some of the accepted methods, the distribution 
of the total, inorganic, and organic phosphorus in the pro­
files chorsen, and to determine the nature of the inorganic 
phosphorus compounds present as reflected by chemical 
extractions. It was hoped that these studies v/ould establish 
or refute the existence of a functional interprofile rela­
tionship with renpect to phosphorus in the several soil 
profiles selected. Since time of soil formation v/as con­
sidered to be the important variable soil forming factor 
causing genetic morphological differences among the soil 
profiles studied, it was hoped that the study would add 
quantitative information regarding the cycle of phosphorus 
in soil formation, especially ln;;3fu^ j^  (Prairie), V.'iesen-
boden, and Planosol soils. 
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REVIH'/ OF LITERATURE 
Loess-Derived Soils 
The soils of the miducstern United States are to a 
large degree derived from materials which v/ere associated 
with glacial phenomena. One of these materials, loess, 
has been studied extensively both from the geologic and 
soils standpoints. 
Kay and Graham (33) have described the Peorian loess 
occurring in Iowa and have stated that the loess was prob­
ably wind deposited and pointed out that in southwestern 
lovira the loess thins in a southeasterly direction from the 
Missouri River bottoms, the assumed source of the material 
Hutton (27, 28) made a study of the Peorian loess in south 
western Iowa and northern Missouri and verified the depth 
relationships reported by Kay and Graham, but he reported 
greater depths of loess in southern Iowa than did Kay and 
Graham, Hutton also made a study of some of the loess-
derived soils occurring on sloping sites in southwestern 
Iowa and found morphological changes in the soils which 
were related to the distance of the sajmple site from the 
loess source. The loess depth was found to decrease with 
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distance southeasterly from the Missouri River, but the 
soils were found to have more strongly differentiated 
horizons the greater the distance from the loess source. 
The increases in profile differentiation were indicated "by 
increases in the percentages of clay found in the hori­
zons of the profiles studied. He concluded that the clay 
in the B2 horizons had, to a large extent, resulted from 
eluviation from the A horizons. According to thermal 
analysis methods he showed that the clay formed was of the 
montmorillonite-nontronite-illite types. Larson, Allaway, 
and Rhoades (35) found the clays in some Nebraska soils to 
be of these same general types, \rhile Whiteside and Marsliall 
(66) reported that a Putnam profile from northern Missouri 
contained not only these types of clay but also some 
kaolinite. 
A study of the nature of the loess and the associated 
soils occurring on nearly level to level sites in soiith-
v/estern Iowa vras made by Ulrich (63, 6^), He also found 
that a relationship existed between the depth of the loess 
material and distance from the loess source. Soil profiles 
sampled along a traverse in the direction of loess thinning 
were found to be progressively more weathered. This rela­
tionship was reflected in the soil profiles by greater clay 
accxinrulation iri the maximum clay zone, increased volume 
weight, and a decrease in aeration and total porosity. 
Chemical changes reported on the frurface samples indicated 
a decrease in total nitrogen, organic carbon, organic 
matter, and the carhon to nitrogen ratio in relation to 
distance from the loess source, Ulrich concluded that the 
most important soil forming factor affecting the soils 
studied had been the time of weathering of the soil mater­
ials, but that minor variations may have existed in the 
original loess because of sorting of particles between the 
source of materials and the point of deposition. 
Both Ulrich and Hutton collected samples for the studies 
previously mentioned along lines parallel to the maximum 
thinning of the loess and designated these lines traverses 
1, 2, 3, and The author used samples collected along 
traverse 3 but extended the traverse to include a Putnam 
profile in northern Missouri. Figure 1 shows some of the 
relationships established by Ulrich and Kutton concerning 
the Peorian loess and the associated soils. 
It should be pointed out that prior to the work of 
Ulrich and Hutton, Bray (10) and Smith (55) made intensive 
studies of loess-derived soils in Illinois. Smith (55) 
showed that the loess thinned with distance from the source 
and that the soils associated with the thinner deposits 
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Figure 1, Loess Distribution Along Traverses No, 1 and No. 3 and Maximum p<»-p 
centage Less Than 2 Micron Clay in Profiles Along Traverl^  I 
(Reproduced from Ulrich's thesis i6h), page 32.y 3-
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increased movement of fine clay in some soil profiles in 
relation to the degree of profile weathering and noted the 
formation of ferro-mangajiiferous concretions and splotches 
in the profiles. He also recognized the presence of 
secondary silicate products of the beidelite-nontronite 
series. He proposed that the clay movement in the soils 
had been mainly of a physical nattrre, Jenny and Smith (32) 
have discussed the theoretical aspects of clay movement 
and subsequent deposition in soils from their studies on 
synthetic soil profiles. 
The studies of Smith (55)> Bray (10, 11, 12), Hutton 
(27} 28) and Ulrich (63, 6V) have produced evidence con~ 
cerning many of the relationships which exist in loess-
derived soils and have shown that these soils exist in 
sequences related to the tine of weathering of the soil 
materials, and that the differences in the original parent 
materials were probably minor in any given sequence asso­
ciated with a particular loess source, Jenny (31) has 
discussed such relationships in soils as an approach to 
a better understanding of soil classification. Norton (^6) 
has discussed the genesis and morphology of the Prairie 
soils in general. 
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Phosphorus Distribution in Soils 
Few studies have been made on the phosphorus distribu­
tion in soil profiles in relation to the genetic properties 
of the soil, but some of the work which has been done on 
soil phosphorus has been considered from that standpoint. 
Pearson, Fpry, and Pierre (^-9) studied the vertical 
distribution of the total and dilute acid-soluble phosphorus 
in ti<relve lov/a soils representing the Planosol, Prairie, 
and Gray-Broira Podzolic great soil groups. They found that 
the soils which had been derived from glacial till contained 
about 300 ppm total phosphorus, while the soils derived from 
loess contained ?00 to 700 ppm total phosphorus. All of 
the soils studied shovred a rainlmum value for total phos­
phorus in some sample bet\<reen the surface and the beginning 
of the C horizon. This minimuni occurred at a depth of 
about 20 to 30 inches in the Prairie and Planosol soils, 
but at lesser depths in the Gray-Brovm Podzolic soils. 
Dilute acid-soluble phosphorus was found to decrease from 
the surface to a mininnim in the lower A or upper B horizon 
in each profile, afid then to increase markedly to a maximum 
value for the profile in the C horizon. The maximum acid-
soluble phosphorus values found in the C horizons of the 
loess-derived soils were at higher levels than corresponding 
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values from the C horizons of the soils derived from glacial 
ti3.1. Wo consistent relationship was found between the soil 
pH and the acid-soluble phosphorus, 
Odynsky (>+7) has reported very v/ide differences in the 
vertical distribution of total phosphorus in some soils from 
Alberta, Canada, The maximum variation was found in a Gray-
Wooded profile which changed from 1730 ppm total phosphorus 
in the Aq horizon to about 300 ppm in the B horizon. The 
soils studied which were from prairie sites were found to 
contain from 513 to 6o6 ppm total phosphorus, but in at 
least one of these soils the minimum total phosphorus was 
found in the C horizon, Odynsky also determined the organic 
phosphorus contents of the soils by the combustion method 
and found that as much as 58 percent of the total phosphorus 
was in organic forms in the upper portions of the profiles. 
Solubility studies with 0.00^ H2S0^. yielded the most inor­
ganic phosphorus in the B and C horizons of the profiles 
studied. 
Some work has been done in Nebraska on the phosphorus 
distribution in soils. Early work by Alway and Rost (2) 
indicated that the total phosphorus decreased with depth 
in the profiles which they studied, but samples were taken 
only to a depth of 12 inches in each profile. A more recent 
study by Allaway and Rhoades (1) of some Nebraska loess-
-10-
derived soils indicated sizable differences in the vertical 
distribution of the total phosphorus in the profiles. The 
C horizons of the soils were found to be quite uniform in 
total phosphorus, and a maximum amount of total phosphorus 
tended to occur in the upper margin of lime layers, where 
such a zone was present in the profiles. They found about 
hOO to 900 ppm total phosphorus in the various samples of 
the profiles, but no very definite trends were reported 
relating the total phosphorus to the genetic nature of the 
profiles. However, they felt that the high amounts of 
total phosphorus found in the lime layers indicated that 
the soil phosphorus had been leached down through the pro­
file and reprecipitated in this drier zone. They concluded 
that in the near neutral soils the organic phosphorus had 
tended to accuimilate v/ith time of soil weathering. Solu­
bility studies, which they made with an NH^J' solution and 
solutions buffered at pH 3-0 s^nd pH 9*0> showed that in the 
more strongly leached profiles the NHi^F solution and the 
solution buffered at pH 9«0 extracted more inorganic phos­
phorus than did the solution buffered at pH 3»0. This was 
especially true in the soils having gray Ag horizons. These 
more strongly leached profiles v;ere found to contain rela­
tively lower percentages of organic phosphorus, and the 
inorganic phosphorus associated with the clayey layers in 
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these soils was relatively more soluble in the solution 
buffered at pH 9.0, 
In some Kentucky soils developed from linestone high 
in phosphorus Peter (51) concluded that the total phosphorus 
content of any segment of the soil profile was related to 
the phosphorus content of the parent limestone which had 
weathered at that point. In other words, he thought that 
no appreciable movement of the soil phosphorus had occurred 
during soil formation and that the phosphorus content of 
the soil was merely a local reflection of the phosphorus 
content of the parent material. He found in addition that 
. spring water in the area studied contained only one part of 
calcium phosphate to 100 parts of magnesium and calcium 
carbonates, Glentworth (2U-) has presented a contrasting 
idea on phosphorus movement from his study comparing vrell 
drained soils with nearby poorly drained ones in a certain 
part of Scotland, He concluded that poor drainage condi­
tions mobilizes soil phosphorus, and he thought that this 
movement was related to the alternating oxidation and 
reduction conditions produced by a fluctuating water table. 
He based his conclusions on the fact that the A horizons 
of the well drained soils contained more total phosphorus 
than the nearby poorly drained ones. He found that the 
total phosphorus decreased with depth under both drainage 
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conditions, but that the poorly drained soils contained 
maximum percentages of total phosphorus in A horizons, vrhile 
the higher percentages were in the C horizons in the v^ell 
drained soils. He pointed out that the G horizon (gley 
layer) in the soils having impeded drainage contained a 
miniimim of total phosphorus but was very high in citrate-
soluble phosphorus. Stephenson (59) found that applied 
phosphorus moved but slightly in some California soils which 
he studied, and he felt that the movement detected was en­
hanced by the organic matter in the soils, 
vSome fractionation vrork has been done on the primary 
and secondary phosphate minerals occurring in soils, Leahey 
(36) made a study of phosphate minerals in some acid soils 
v/hich varied in total phosphorus content and extent of pro­
file weathering. He found that the secondary phosphates 
seemed to exist as highly hydrated amorphous forms, and 
that the iron phosphates were present in about equal amounts 
in a number of soil fractions varying widely as to specific 
gravity. However, he found in general that the heavier 
minerals contained the highest percentages of phosphorus. 
Apatite was found in abundance in some of the soils, espe­
cially in one soil from Kentucky, Ford (21) investigated 
the separates of some Kentucky soils and fcund about 66 
percent of the total phosphorus associated with the fine 
clay (less than ,001 inillinieters) , 20 percent with the 
coarse clay (.001 to .005 millimeters), and only about 10 
percent with the silt frcction, 
Some .studies have heen carried out uhich have shovm the 
distribution of organic phosphorus in soil profiler and some 
of the relationships between organic phosphoras, carbon, 
and nitrogen. Auten (V), in an early study in some lov/a 
soils, found that much of the soil phosphorus was present 
in organic forms, and that the organic phosphorus decreased 
I'/ith depth in the profiles at a more rapid rate than did the 
nitrogen. He also reported that i/idc variations existed in 
the ratios of carbon to organic phosphorus in the profiles. 
Pearson and Sinonson (50) compared the organic phosphorus 
content of some lova soils v/ith the total nitrogen and or­
ganic carbon found in the profiles. They found that the 
organic phosphorus in the surface samples varied from 205 
to 393 ppnij constituted from 35*^ percent of the total 
phosphorus in the surface sample of a IJiesenboden soil to 
as much as 72.6 percent of the total phosphorus in the 
horizon of a Gray-Brovm Podzolic soil. Tliey found the 
ratios of total nitrogen to organic phosphorus to vary from 
7.0 to as great as l6,0, while the ratios of organic carbon 
to organic phosphorus were found to be about ten times the 
above figures. 
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Tliornpson (62) made a study of the mineralization of 
orcanic pliosphorus in some virgin and cultivate surface 
soils froji lovmj Te>:as, and Colorado, and conpared the re­
sults obtained v/ith the concurrent mineralisation of organic 
carbon and total nitro^^en. He also calculated the ratios 
of total nitrogen to organic phosphorus in the soil saaples 
and obtained valuer? around 11»0 in the virgin Iov;a soils, 
values of around 10,0 in the cultivated lovra soils, vhile 
the "^'exas soils all showed much wider ratios. The Texas 
soils had lost a greater percentage of their organic phos-
7)horus than nitrogen under cultivation, but the reverse 
situation was found in the Iowa soils. The soils from 
were found to contain a greater percentage of the total 
phosphorus in organic forms than did tlie soils from Texas 
or Colorado; the percentages reported were on the order of 
for Iowa soils and l8 for the Texas and Colorado soils. 
Garmon (23) made a comparative study of some virgin and 
cultivated surface soils in Oklahoma in relation to their 
organic phosphorus, total nitrogen, and organic carbon 
contents. He found the total nitrogen to organic phosphorus 
ratios to vary from S to as high as 23 in the virgin soils. 
The cultivated soils shoved equally as much variation in 
the total nitrogen to organic phosphorus ratios but the 
extremes were lower. He reported that from 15 to 85 
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percent of the total phosphorus in these Oklahoma soils 
existed in organic forms, the highest percentage being in 
a forested soil. On the average the soils contained about 
k6 percent of the total phosphorus in organic forms, but 
the virgin soils were slightly lower than the cultivated 
soils in this respect. 
Forms of Inorganic Soil Phosphorus 
The literature contains numerous reports on investiga­
tions into the nature of soil phosphorus. Some of the 
studies on inorganic phosphorus will be mentioned here. 
Pierre (52) has presented a review of the general problems 
related to the study of soil phosphorus in his discussion 
of the phosphorus cycle in soils. He pointed out that 
phosphorus exists in soils as compounds of magnesium, cal­
cium, iron, aluminum, and clay minerals, as well as in 
organic forms in plant and animal residues. He also re­
viewed some of the evidence which has been obtained con­
cerning the forms of soil phosphorus. Midgley (Mf) and 
Wild (67) have vrritten reviews on the status of the 
knowledge of soil phosphorus also, and they pointed out 
many of the inherent problems in attempting to identify 
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the various forms of phosphorus and mechanisms of phosphorus 
fixation. 
The main approaches which have been used in attempting 
to learn about the nature of soil phosphorus have dealt 
with phosphorus fixation by soil or phosphorus release from 
soil as effected by some arbitrary extracting agent. 
Murphy (U-5) found that finely ground kaolinite fixed 
much more phosphorus than did bentonite, Dickman and Bray 
(16) found fluoride ions to be effective in releasing phos­
phorus which had been fixed by kaolinite. They concluded 
that phosphate ions were adsorbed on the kaolinite surfaces 
and that fluoride could be used to remove the phosphate 
quantitatively, provided the clay and phosphate contact had 
not been for too long a period of time. Black (6) found the 
maximum fixation of phosphorus by kaolinite to occur at pll 
^.0 and concluded that this fixation was effected by phos­
phate replacement of hydroxyl ions on the clay. In another 
study (7) he found that kaolinite,with free iron and 
aluminum oxides previously extracted, fixed phosphorus in 
relation to the time of exposure to the phosphate ions, 
and Black considered this to be at least in part associated 
with inter-lattice fixation of phosphorus by the clay. He 
also found that an eight hour treatment of the clay with 
an amnionium oxalate solution gradually removed an amount of 
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phosphorus about equal to that extracted by 0,1^ KaOH in ten 
raimites. He felt that this f^i^adual release of phosphorus 
by the oxalate f;ystem sugr^ested that the phosphorus came 
from inter-lattice positions. In contrast to Black's vork, 
Metzger (^3)) v:orkinc with some Kansas soils, concluded 
that chemical precipitation accounted for most phosphate 
fixation in soils, since by removing free iron and aluminum 
oxides he I'/as able to decrease phosphorus fixation from 20 
to 9^ percent. He obtained no evidence that oxalate ions 
replaced phosphate ions in the soil clays. 
Attempts have been made to measure the anion exchange­
able phosphorus in soils or soil materials. Paul (^) con­
sidered soils in Kew Guiana to have as much as 23.'+ 
millimoles of anion adsorbed phosphate per 100 grams of 
soil. The existance of phosphate anion exchange capacity 
in soils is strongly suggested by the work of Kelly and 
I'idgley (3^). They found that by treating kaolinite and 
ferric hydroxide with phosphate an increase of hydroxyl 
ions in solutions could be produced. Silicate and fluoride 
ions were found to produce similar results. High tempera­
tures reduced the phosphate fixing pon-/er of ferric hydro­
xide to zero and decreased the phosphate fixing power of 
clays to a minor extent, "^^ean and Ruben (13) have reported 
soils to exhibit an anion exchange capacity in relation to 
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the phosphorus fixed hy the soil. More recent vork "by Low 
and Black (37) has shown that silicon is released from 
kaolinite in proportion to the phosphonjis previously fixed 
by the clay. They showed that the phosphate-silicon re­
action occurred at two different rates. The first reaction 
rate vas rapid and thought to be a surface reaction: the 
second was a slow reaction which vras thought to be a clay 
decomposition reaction. 
Phosphorus solubility studies have been done which 
have furnished evidence as to the nature of soil phosphorus 
complexes. Doughty (18) found that humus had little phos­
phate fixing power and that soils extracted with IICl lost 
much of their fixing povrer as the HCl extracted some of the 
free iron in the soil. He found, however, that peat treated 
with NaOH had a high phosphate fixing poiirer after treatment. 
He attributed this increase to the activation of iron, 
'can (1^, 15) has done phosphate solubility studies on soils 
and phosphate minerals. He first extracted the materials 
v^ith IlaOH and followed this with an HCl extraction. He 
found that soils retained much of their phosphorus after 
those treatments and concluded that some sort of masking 
effect existed in natural soils which prevented contact 
v;ith extractants. He felt that the phosphorus extracted 
by HCl most likely came from apatite. The mineral studies 
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indicatcd that tricalciuin phosphate and apatite vere insoluble 
in the alkali solutionj \rliilc the less basic phosphates and 
the iron and aluminum plio.'^phates were quite soluble in the 
alkaline medium. He added phof?phate to a highly weathered 
Hav^aiian soil (1^) and found that it tended to accuniulate 
in the alkali-soluble forms. Pie concluded that insoluble 
phosphates in this soil were not related to the high per­
centage of titanium found in the soil. Bray and Dickman 
(9) reported increases in acid-solnble phosphorus in soils 
treated -vrith rock phosphate, and they felt that rock phos­
phate was not converted to adsorbed forms unless the soil 
had pH of around 5*0 or less. 
The effect of varying the plT of extracting agents has 
been used as a clue to the nature of soil phosphorus, Bennie 
(5) added CaClg to H^POl^. and found that sonje sort of calciuja 
phosphate precipitated at pH A calcium saturated soil 
retained some of the phosphoirus added as H^POi^ until the pH 
reached zero. He found also that iron in calcium phosphate 
solutions caused lo^^r solubility of the phosphorus at pH 
2,5. Gardner and Kelly (22) found the mininnira solubility of 
phosphorus in sone Colorado soils to be near neutrality, and 
in most of the soils the phosphorus soluble at low plls far 
exceeded that at the high pH values. However, the reverse 
was true in one soil which v/as quite acid in reaction. 
P>orio workers more recently have atteripted to detornine 
the nature of soil j)hof!phonis by enployinc cheraical methods 
and/or mineraloslcal teclmlques. Ileck (26) considered the 
phosphorus lii ?or,ie ri3;.;'iii::in soils to rocist nostly as iron 
phosohates, since phosnhorns solubility'' studies on the soil 
and on dufrenite g;"iv<~ relatively sinilsr remits. I'ord (20) 
concluded ths^ r>oi!L phosphorus oxipts in highly v/eathered 
•".oils largely as complexes of geothite (lirr.onite) and hy-
drated "bauxite, since henj-.tite r'as not found to fix phos­
phorus, Tile pliosphorus fixed by geothite vap found to be 
insoluble in 3»0j "but heating of the geothite 
reduced its ability to fix phosphorus. This reduction in 
fixinc pover •'.•:as attributed to dehydration of the geothite 
by the heeatjjis. Fisher and Thorns (19) compared the solu­
bility of nhosphorus contained in various phosphorus-bearir^ 
r,minerals with the soliibility of soil phosphorus. The ex­
tractions vrere ^jiade at pK 2,0 and ^.0, iXifrcnite and 
vravellite vere foimd to release little phosphomis at pll 
2.0, vhile vivianite yielded considerably more. He con­
cluded that the soil phosTihorus existed in the soils he used 
in an adsorbed ntate v'ith the hydrous oxides or else existed 
as apatite, 
ntelly (.57) f^nd telly and Pierre (58) made a nore de­
tailed study of phosphorus-bearing minerals than the one 
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mentioned above. They studied the release of phosphorus from 
calcium, iron, and aluminum phosphates in suspension varying 
in reaction from around pH 2.0 to pH 11.0. They also com­
pared the results obtained on the minerals with the results 
obtained on the C horizons of some Iowa soils extracted in a 
similar manner. The more weathered soils were found to show 
solubility curves more nearly like the iron and aluminum 
phosphates, vfhile the less weathered soils gave curves simi­
lar to the calcium phosphates. The minerals studied by 
Stelly were Tennessee rock phosphate, apatite CA^CPOi^)^?, 
wavellite Al^COH)^(P0i^)2*51520 , variscite AlP0i^*2H20, 
vivianite Fe2(P0^.)2»8H20, and dufrenite FeP0]^»Fe(0H)2, 
The calcium bearing minerals released a high amount of phos­
phorus in the acid extractants, and the iron and aluminum 
phosphates released much more phosphorus in the alkaline 
extractants. The exception was the vivianite, which released 
only slightly more phosphorus in acid extractants than alka­
line, Some of Stelly's data are given in the discussion 
section, 
Mattson and coworkers (39) have shown that neutral 
salts affect the solubility of phosphates in acid soils and 
have related this effect to the nature of the phosphorus 
compounds, Mattson and co\'forkers (^-0) (different group from 
above) concluded that calcium bound phosphates had shifted 
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to sequloxide bound forms in an hydrologic sequonce of 
soils v^hich they studied# The more strongly leached soils 
vfere found to contain more sequloxide bound phosphates. 
Haseman and coworkers (25) have studied the nature of phos­
phates formed by treating clays and hydrous oxides with 
II^PO^. and magnesium phosphate. They found an isomorphous 
series of the general nature (H,Na,K,NHij.)^Fe, AlP0^.*nH20 
could be formed. Crystalline materials identified as 
palmerite (HK2Al2(P0i,.)3» varisclte (AlP0i4.*nH20) and 
barradite (AlFe)P0lL^*nH20 were also formed. He postu­
lated a two-stage phosphorus fixation process in soils 
involving crystalline forms resulting from exposed Fe, Al, 
NHi,., K, and Na ions which are loosely held on the clay 
lattice. The first reaction was thought to be very rapid 
and to be followed by a slower reaction involving dehydra­
tion and crystallization. Swenson, Cole, and Sieling (60) 
in a titration study of iron and aluminum chlorides with 
H^POij. presented formuli for hydrated iron and aluminum 
phosphates and found that the maxlmim precipitation of 
iron phosphates occurred at a pH of about 2.5 to 3»5» 
v/hile aluminum phosphates precipitated at a maximum at 
around pH 3.5 to ^ .5. Fluoride and arsenate were found to 
replace chemically bound phosphoms, and humus or ligln were 
found to replace phosphate from basic iron phosphates. 
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Iron and aluminum apparently dominate the formation of 
phosphorus compounds in acid soils and some workers have put 
more stress on this aspect of their studies. Iron has been 
sho^m by Ignatieff (29) to readily change to the reduced 
form in soils which are poorly aerated because of water­
logged conditions. The ferrous iron formed under such condi­
tions was not water extractable but certain salts did 
mobilize it, Swenson (61) has studied the iron contents 
of a slightly differentiated soil (Minden) in contrast to 
a strongly differentiated soil (Edina), These series occur 
in western and southern lovra respectively and are derived 
I 
from loess materials. It was found that the Minden soil 
contained about 3,0 percent total iron throughout the pro­
file but the percentage was slightly higher in the C horizon 
than in the A or B horizons. The Edina profile contained 
2,5 to ^ ,5 percent total iron and the maximum was found in 
the B horizon. The Minden soil contained more iron in the 
clay fraction than did the Edina, but in the Edina the 
greater than 20 micron separate contained more iron than 
v/as contained in this fraction in the Minden. Apparently 
this iron in the coarser fractions was in. the form of 
concretions. The free iron oxides showed the same general 
relationship betx^een the two soils, V/heeting (65) has 
found the "shot soils" of Washington to contain large 
-2^--
concretions high In total iron which also contained high 
amounts of phosphorus. Metzger (^+2) found that the phos­
phorus fixing capacity of some Kansas soils was highly 
correlated vith the total iron and aluminum contents, and 
that this relationship was also correlated V7ith the iron 
extracted by dilute acid. He stated also that the phos­
phorus fixation was more related to iron in the soil than 
to aluminum and also considered that organic matter in the 
soil surface brings about reducing conditions, and thus 
increases the available phosphorus. Romine and Metzger (53) 
have suggested that the low availability of phosphorus in 
the B horizons of some soils is related to the presence of 
iron and alminum. 
The literature cited here may be suininarized as follows: 
1. A geo-chrono-sequence of soils exists in the 
Peorian loess of southwestern Iowa and northern Missouri, 
as well as in some parts of Illinois. This relationship 
is expressed by increased horizon differentiation in the 
soils with increased distance from the source of the loess. 
2. Relatively few studies have been made concerning 
the distribution of total and organic phosphorus in soils 
in relation to genetic factors. 
3. The nature of inorganic phosphorus compounds in 
soils cannot be accurately determined by methods now in 
-25-
use but apparently the following types of compounds 
exist: 
a. Primary and secondary forms associated with 
calcium and magnesiiim—apatite being the most likely form, 
b. Ammorphorus and crystalline precipitates of 
phosphorus vith iron and aluminum which vary in degree of 
hydration or in extent of association vith other cations. 
c. Adsorbed phosphates on clay or mineral sur­
faces and/or interlattice complexes, 
h. The solubility expression of different phosphate 
compounds varies with the pH of the extracting medium, 
which has been used as evidence in attempts to identify 
forms of soil phosphorus. Phosphorus associated with bases 
such as calcium is highly acid-soluble and usually exhibits 
a low alkaline solubility, while phosphorus associated with 
iron and aluminura tends to come into solution in a manner 
in reverse to this. 
5. Removal of iron and aluminum from acid soils tends 
to lower the phosphorus fixing power of the soils. 
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MATERIALS AIJD METHODS 
Soils Studied 
Certain functional relationships have been established 
among the loess-derived soils occurring along northwest-
southeast traverses in southwestern Iowa and northern 
Missouri as was pointed out in the review of the litera­
ture, Norton (H-6) has discussed the genesis and morphology 
of the Prairie soils in general. Hutton (27j 28) and TJlrich 
(63, 6U-) have described some of the soils of southwestern 
Iowa in detail, and Shrader has presented information 
on the soil associations of northern Missouri. The approxi­
mate location of the sites where the samples for this 
study were taken are shown in Figure 2 in relation to the 
nearby county seat towns and distance from the loess source. 
Five profile samples were chosen which showed pro­
gressively greater differentiation in relation to the 
distance that the profile occurred from the source of the 
loess. The soil series selected are given below in the 
order of their position along the traverse: (1) Minden 
(P-217A), (2) Winterset (P-218A), (3) Haig (P-220), 
(^) Edina (P-I6), and (5) Putnam (P-I86). The Minden 
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series may be classified in the Prairie (Brtmigra) great 
soil group; the V/interset, in the Wiesenboden great soil 
group; the Haig, in the Viesenboden great soil group; the 
Edina, in the Planosol great soil group; and the Putnam, 
in the Planosol great soil group. The Haig profile 
exhibits maximal development for the V.'iesenboden soils 
of the area. 
The sample sites were chosen from nearly level to 
level grass sod (predominantly Kentucky bluegrass) areas, 
which were assumed to be virgin or virgin-like, as all 
sites had apparently been under sod for many years. 
The soil profiles were described in the field during 
the sampling operations; the samples were brought to the 
laboratory, air-dried, and ground to pass a 20 mesh screen. 
The 20-mesh material v/as used in the determination of the 
percentage of moisture in the soils, soil reaction (pH), 
"available" phosphorus, and in making the soil phosphorus 
extractions at varying pH values. All other studies were 
carried out on sample materials which had been reground 
to pass a ^ 0 mesh screen. 
Profile samples P-220 and P-l6 were collected by Ulrich 
and are described in his thesis (6^•), pages ^9 to 53* The 
descriptions of these two profiles found in this section 
are direct quotations from the cited pages. It should be 
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raentioned that the sample depths on the Idina (P-l6) as 
described by TJlrich and quoted here do not correspond vith 
the samples used in this study. The Edina (P-l6) used in 
the determinations herein is an older sample for which no 
field description exists, but the profile described by 
Ulrich was at the same site as the profile used in this 
study. Profile samples other than P-l6 and P-220 were 
collected and described by the author. 
Field descriptions of the five soil profiles used in 
this investigation are presented in the next pages of 
this section. The soil color designations are according 
to the Munsell Color Standards, The horizon designations 
are as outlined by Ulrich (6^), pages ^+1 and ^-2, and are 
given below: 
^1» llJ 12 Horizons of maximum organic matter 
accumulation. 
^2» 21 Subsurface horizons exhibiting maximum 
eluviation of fine organic and inorganic 
constituents. 
Transitional horizon more like the A 
than B horizon. 
11 Transitional horizons more like the B than A horizon. 
®2» 21 Horizons of maximum accumulation of fine 
organic and inorganic constituents. 
®3» 31» 32 Transitional horizons more like the B 
than C horizons. 
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Cn Transitional horizon more like the C 
than the B horizon. 
C-j_, 21 Substratum loess material shovjing less 
evidence of weathering and a minimum of 
illuviation of constituents from hori­
zons above. 
Mind en silt loam P-217A, location: SVJ Si.'J S*;/, Section l6, T79W, 
Shelby County, loi-^a, bluegrass roadside site. 
Horizon Depth Horizon 














Very dark brovm (10 YR 2/2) 
heavy silt loam; friable, 
granular structure. 
Very dark brovm (10 "XR 2/2) 
light silty clay loamj friable, 
medium granular structure. 
Very dark grayish brovm (10 YR 
3/2; light silty clay loam; 
friable, weak blocky structure, 
breaking to granular; root 
casts numerous. 
Very dark grayish brown (10 YR 
3/2; to dark brown (7.5 YR 
3/2) silty clay loam; friable, 
weak blocky structure breaking 
to granules; some worm and 
root casts present. 
Dark yellowish brown (10 YR 
VA) silty clay loam; weak 
blocky structure tending to be 
massive; many worm and root 
casts, some cast fills of 
darker colored material. 
Yellowish brown (10 YR 5/U) 
heavy silty clay loam; weak 
blocky structure breaking to 
granules, dark stainings on 
casts. 
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Horizon Depth Horizon 





Yellowish brown (10 YR 5A) 
silty clay loam5 weak bloclcy 
to massive structure; numerous 
mottlings of reddish yellow 
color (5 YR 6/8). 
Yellow brown (10 3CR 5/^) silty 
clay loam; massive structure 
but soft: mottlings as next 
above but less niimerous. 
Winterset silty clay loam, P-218A, location: Sl'J NE SE, Section 
30, T73N, R30l'J, Union County, Iov;a, bluegrass Indian grass, 
railway right-of-way site. 
Horizon Depth Horizon 
number inches designation 










Black (10 YR 2/1) silty clay 
loam; very friable and granu­
lar. 
Black (10 YR 2/1) silty clay 
loam; friable and granular, 
slightly plastic when wet. 
Very dark brown (10 YR 3/1) 
silty clay loam; weakly cloddy, 
friable; breaking to granules 
and crumbs. 
Very dark brown (10 YR 3/1) 
heavy silty clay loam; weak 
blocky structure breaking to 
discrete granules; worm and 
root casts numerous, weak 
staining on granules, numerous 
root casts present. 
Dark brown (5 Y 3/1) clay loam; 
cloddy, breaking to small 
angular blocks which crush 
readily to granules of lighter 
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Horizon Depth Horizon 
number inches desiFtnation 





color; occasional reddish 
flecks present. 
Dark gray (? Y h/1) clay 
loam; weak blockj'' structure, 
crushing to discrete small 
blocks which crush to granules; 
yellow red (7,? YK 6/6 and 5/6) 
flecks numerous. 
Dark gray (5 Y Vl) heavy clay 
loam; weak prismatic structure 
breaking readily to angular 
blocks, very plastic when wet; 
yellox*; red (7«5 YR 6/6) flecks 
very numerous, occasional 
black (10 YR 2/1) concretions. 
Gray (10 YR 5/1) clay loam; 
blocky structure tending toward 
prismatic, casts numerous: 
plastic; many yellovj red (7*5 
YR 6/6) splotches and con­
cretions. 
Gray (10 YR 5/1) silty clay 
loam; weak cloddy structure, 
not as plastic as layer above; 
numerous yellovf red (7,5 YR 
6/6) splotches and concretions. 
Haig silt loam, P-220, location: NE M NW, Section 5j T70N, 
R25t'/, Decatur County, Iowa, bluegrass roadside site. 
Horizon Depth Horizon 
number inches designation 
P-220-1 0-7 
Description 
Black (10 YR 2/1 racist) to 
gray (10 YR 5/1 moist) heavy 





















Black (10 YB 2/1 moist) heavy 
silt loam; fine granular 
structure (moist), but thin 
to medium platy with fev? light 
gray sprinklings (dry). 
Black (10 YR 2/1 moist) light 
silty clay loam; very fine to 
fine granular structiire 
(moist), but thin to medium 
platy vrith a few fine gray 
sprinklings (dry). 
Black (10 YR 2/1 moist) silty 
clay loam; fine granular to 
fine sub-angular blocky 
structure with occasional fine 
gray sprinklings. 
Black (10 YR 2/1 moist) to 
very dark brown (10 ICR 2/2 
moist) light silty clay: 
occasional low contrasting 
yellowish brown (10 YR 5/8 
moist) mottlings; angular 
blocky structure. 
Very dark brown. (10 YR 2/2 
moist) silty clay; occasional 
low contrast yellowish brown 
(10 YR 5/8 moist) mottlings; 
angular blocky structure. 
Very dark gray (10 YR 3/1 
moist) silty clay; occasional 
low contrast yellowish brown 
(10 YR 5/8 moist) mottlings; 
angular blocky structure. 
Very dark gray (10 YR 3/1 
moist) silty clay; occasional 
yellowish brown. 
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P-220-12 52-60 C2 
DescriT?tion 
(10 yn 5/8 moist) and yellov/ish 
red (7.5 YR 5/8 moist) 
mottling s fine to medium anipi-
lar blocky structure5 numerous 
dark concretions. 
Dark gray (10 YR k/1 moist) 
light silty clay; considerable 
yello\-rish red (7«5 ^-R 5/8 
moist) nottlings; coarse angu­
lar blocky structure; occa­
sional dark concretions. 
Grayish (2,5 Y V2 to 5/2 
moist) heavy silty clay loam; 
mottlings are predominantly 
yellowish red (7«5 5/8 
moist) with occasional darker 
splotches and concretions; 
massive structure with some 
tendency to cleave vertically; 
numerous fine pin hole openings, 
Olive gray (5 Y 5/2 moist) 
silty clajr loam; mottlings of 
yellowish red (7.5 ^  5/8 
moist) abundant; numerous 
concretions; massive structure; 
numerous fine pin hole openings. 
Very similar to above; non-
calcareous. 
Edina silt loam, P-I6, location: NE KE SF, Section 9> T68N, 
R21VJ, Vayne County, lovra, bluegrass roadside site. 
Horizon Depth Horizon 
number Inches designation Description 
P-16-1 0-6 Black (10 YR 2/1 moist) to 
be very dark brown (10 YR 
2/2 moist) drying to grayish 
brown (10 YH h/2 moist) silt 
liorizon Depth 
nuiaber inches 
P-16-2 6-9 kii 
P-16-3 9-15 Ag 
P-l6-^ 15-19 
P-16-8 36-^5 b^C;L 
P-16-9 14-5-50 
P-16-10 50-65 C21 
r>or.cyir)tlon 
loaan; very fine cnirab to very 
fine granular structure. 
Very siiuilar to above. 
Very dark gray (10 YR 3/1 
moist) light silty clay; very 
numerous fino whitish (10 Hi 
3/1 moist) sprinlclings; very 
thin platy structure. 
Very dark gray (10 Yli 3/1 
moist) silty clay; numerous 
fine white (10 YR 8/1 moist) 
with numerous dark reddish 
brown (5 YR 3/3 moist) to 
reddish brown (5 YR W/M: moist) 
mottliiigs; sub-angular, medium 
blocky structure. 
Grayish brown (2,5 Y 5/2 noist) 
light silty clay with reddish 
brown (10 YK 5/6 to 5/8 moist) 
mottlings; numerous dark ferro-
manganiferous concrctions. 
Grayish brown (2,5 Y 5/2 moist) 
silty clay loan with reddish 
brown (10 YR 5/6 to 5/S moist) 
mottlings; massive structure 
with a tendency to cleave 
vertically; numerous dark con­
cretions. 






Putnam silt loam^, P-186, location: SE SE Sv'/, Section 27j 
T61W, E13V', Knox County, Missouri, bluegrass roadside site. 
Horizon Depth Horizon 
number inches desiftnatlon 





P-186-5 22-29 ^21 
P-186-6 29-35 B-
Description 
Dark grayish brown (10 YR 
^/2) silt loam; granular to 
crumb, friable. 
Dark grayish brovm (10 YR 
11^) silt loam: weak platy 
structure tending toward 
blocky, worm and root casts 
numerous, some brownish yellow 
(10 YR 6/6) mottlings. 
Mixed gray (10 YR 5/1) and 
dark gray (10 YR Vl) silt 
loam; weak platy structure 
but more blocky tendency than 
above; numerous brownish yellow 
(10 YR 6/6) mottlings and dark 
brown (10 YR V3) to black 
(10 YR 2/1) concretions. 
Dark gray (10 YR h/1) clay; 
massive structure breaking 
into ^ ^reak blocks; very pro-
noun.ced red (10 K 5/6) and 
yellow (10 YR 7/6) mottlings. 
Brown (10 YR 5/3) silty clay; 
massive and dense, some reddish 
yellow (7-5 ^  6/o) mottlings 
and some minute black (10 YR 
2/1) concretions. 
Dark gray (10 YR VD silty 
clay; mottled with strong brown 
(7*5 YR 5/6); weak blocky 
structure breaking to granules: 
numerous dusky red (2.5 YR 3/2) 
concretions. 
^See work of Whiteside and Marshall (66) for detailed 
information on a Putnam profile. 
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Ilorizon Depth Horizon 






Gray (10 YR 5/1) clay mottled 
with strong brovm (7*5 YR 
5/6); massive, breaking into 
wealc blocks and then to 
granules; numerous dusky red 
(2.5 YR 3/2) concretions; 
occasional senile root cast. 
Grayish brov/n (10 YR 5/2) 
silty clay loara mottled with 
red (2,5 YR 5/6); v^eak blocky 
structure breaking to granules. 
Loess-gurabotil contact zone. 
Soil Moisture 
Five gram samples 0.f air-dry soil were weighed out and 
placed in an electric oven at a temperature of 105 to 110 
degrees centigrade for a period of 2^ hours. After drying, 
the samples were revreighed and the percentages of air-dry 
moisture on an oven-dry basis were calculated. 
Soil Reaction (pH) 
Ten gram samples of air-dry soil were placed in 50 
milliliter beakers and 20 milliliters of distilled water 
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were addled. The samples v/ere stirred and allowed to stand 
for 30 minutes. After standing, the samples v;ere again 
stirred and the reactions were read imedlately on a Leeds 
and Horthmp pH meter to the nearest tenth of a pH unit, 
"Available" Phosphorus 
The determinations were made by the Soil Testing Labora­
tory, Iowa State College, Ames, Iowa, using a modified "Bray 
number 1" method (8)« The extractant used was 0,03N 
in 0,02511 HCl, and the phosphorus was determined colori-
metrically by a molybdenum blue method. 
Total Phosphoirus 
A sodium carbonate fusion was made on 100 milligrams 
of oven-dry soil in platinum crucibles. The samples were 
placed in an electric furnace at a temperature of 950 
degrees centigrade for a period of one hour. Following 
the fusion, the melt was dissolved in distilled water and 
made to 100 milliliters volume. The phosphorus in solution 
was determined by the method described by Dickman and 
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Bray (17), and the percentage transmission in the colored 
solutions was determined "by the use of an Tvelyn colorimeter. 
Organic Phosphorus 
Quantities of air-dry soil equivalent to 1.0 grams of 
oven-dry soil were extracted according to the procedure 
described "by Ilehta (^1). The total and inorganic phosphorus 
in the extractions were determined by a method described 
by Kartin and Doty (38)) using an Evelyn colorimeter to 
determine the percentage transmission in the colored solu­
tions. 
Organic Carbon 
Determinations were made on oven-dry samples of soil 
according to the method described in A.O.A.C. (3), pages 
3 and V. The percentages of carbon found in the soil were 
assumed to be organic carbon. 
-ifO-
Total Nitrogen 
The method outlined in A.O.A.C. (3)) pa^ie was 
followed except that the catalyst used was mercuric oxide, 
and potassiusi sulfide was added to the concentrated MaOH 
to effect the precipitation of the mcrcury prior to distilla­
tion of the solutions. 
Soil phosphorus v^olulDle at Varied pll Values 
This study was "based on the work reported fcy Stelly 
(57) and the extractions \jere made according to his proce­
dure. Two gram samples of air-dry soil were extracted in 
100 raillilitors of solution which contained varying amounts 
of 0,1^ liCl or O.llJ NaOH (normalities approximate). The 
nci and KaOH were added in the amounts necessary to produce 
a range in pH values from about 2.0 to 11,0 in the soil-
extractant suspensions at the end of the extraction period. 
Ten separate extractions were made on each soil sample in 
the profiles in order to obtain sufficient values for 
drawing a curve fitted to the pH range mentioned above. 
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The soil samples were extracted for 10 hours on an 
ond-over-cnd mechanical shaker and \/ere then allowed to 
stand for 1^ hours. The extractions were carried out at 
a temperature of about 25 degrees centigrade. After 
extracting, the material was centrifuged for 10 minutes 
at about 2^00 revolutions per minute to separate the soil 
and the extractant. The supernatant liquid was poured off 
and the suspension pll was determined by mixing 10 milli­
liters of the supernatant liquid with the soil v;hich had 
been left in the centrifuge tube. The phosphorus in the 
supernatant liquid was then determined by the Diclcnan and 
Bray (17) method. In those cases where an allcaline 
extraction had been used the supernatant liquid still con- ^ 
tained suspended material, therefore it was necessary to 
make a blanlc determination on each sample. This was 
effected by placing each test tube containing a sample 
solution in the Evelyn colorimeter prior to the develop­
ment of the blue color and setting the transmission at 100 
percent. The stannous chloride was then added and the 
percentage transmission 10 minutes later was taken as 
the phosphorus reading for the sample. 
In order to further clarify the unused portions of the 
supernatant liquid collected in the manner previously des­
cribed, 5.0 grams of NaCl xvrere added to each portion and 
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the solutions v/ere again centrifuged. The phosphorus \ia.3 
determined then a second time in the supernatant liquid 
from each sample, and these values obtained for phosphorus 
appear in the data for this study. The values for the t\:o 
procedures vere different in many cases, but it was felt 
that the use of NaCl to remove the suspended materials made 
the phosphorus values on the supernatant liquids more 
reliable. 
Free Iron Oxides 
The extraction procedure described by Jeffries (30) 
uas carried out on quantities of soil equivalent to 1.0 
grams of oven-dry soil. The soil was not fractionated as 
discussed in Jeffries procedure. The iron determination 
was based on the procedure described by Snell and Snell 
(J6), pages 31^ and 315} and the percentage transmission 
was determined on the colored solutions by use of an 
Fvelyn colorimeter with a 515 millimicron filter. 
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Hydrochloric Acid (• Magnesitun Ribbon) Extractable 
Iron and phosphorus 
The purpose of this study vras to determine the effect 
of a reducing agent (magnesium ribbon) on the release of 
phosphorus and iron from the soil. Paired air-dry soil 
samples equivalent to 1,0 graras of oven-dry soil were 
extracted vrith 50 milliliters of ^  HCl 4 2 grams of MgCl2 
in one case and the other sample vas extracted with HCl • 
0,25 grams of magnesium ribbon. The soil samples were 
placed in small beakers along with the MgClg or magnesium 
ribbon and the hot HCl was added. The materials were 
stirred constantly during a one minute extraction, after 
i^hich the suspensions were filtered rapidly by use of 
suction. The temperature of the HCl at the beginning of 
the extraction was approximately 90 degrees centigrade. 
The I'lgClg was added to the one sample to produce comparable 
ionic conditions in both solutions# Follov/ing the filtra­
tion, suitable aliquots were taken and iron and phosphorus 
determinations were made. The phosphorus was determined by 
the method outlined by Martin and Doty (38)> which enables 
phosphorus to be determined in the presence of large quan­
tities of iron. The iron in the solutions was determined 
by the method presented by Snell and Snell (^6), pages 31^ 
and 315* The Dvol^rTi colorimeter vas used to read the per­
centage transmission in the colored solutions in the case 
of both iron and phosphorus. 
REPULTS 
The data obtained by the several chemical techniques 
used in this investigation will be presented in this section 
along v/ith sone calculated relationships obtained on the 
profiles studied. 
Soil Moisture 
The percentages of air-dry moisture calculated on an 
oven-dry basis are given in Table 1. The results show that 
this form of soil moisture increases from the Minden profile 
to the Putnam profile. The changes in the moisture per­
centages v/ith depth in the profile are much more pronounced 
in the more highly weathered soils. These moisture changes 
follo\'; the general variations V7hich have been found in the 
clay and organic matter contents for profiles along the 
traverse studied (63, 6if, 66), 
Table 1 
Depth of SamjiLes, Horizon Designations, Percentage of I-bisture, Heaction, 
and the "Available" Phosphorxia in the Profiles 
Depth Horizon Moistuare phosphorus 























0-6 At 3*6 6.6 4 
6-11 Ar, 3.7 6.2 2 
11-16 At2 3.9 6,1 2 
16-25 A^Bi 4.1 6.1 1 
25-33 Br, 4*6 6.2 3 
33-39 bJ 4.7 6.5 8 
39-49 Ci 4.8 6.6 9 
49-59 Gn 4.6 6.6 11 
P-2I8A, Winterset 
4.0 5.8 7 
4.4 5.8 2 
5.4 5.6 1 
6.0 5.7 1 
6.1 5.7 0 
7.1 5.8 1 
6.5 5.9 7 
5.S 6.1 11 
5.7 6.3 10 
P-220, Haig 
3.7 5.9 5 
3.7 5.4 3 
4.0 5.6 2 
2.6 5.6 2 
4.0 5.7 1 
7.7 5.7 0 
S.O 6.1 0 
7.3 6.4 2 
6.8 6.5 2 

0-7 Ai 3.7 5.9 5 
7-10 All 3.7 5.4 3 
10-U 4..0 5.6 2 
U-18 A^a, 2.6 5.6 2 
13-22 BJ 4.0 5.7 1 
22-26 EJ 7.7 5.7 0 
26-30 ^ a.O 6.1 0 
30-34 Bo 7.3 6.4 2 
34-40 % 6.8 6.5 2 
40-46 Ci 6.3 6.7 4 
46-52 C, 6.2 6.3 5 
52-60 Cg 5.9 6.3 7 
P-16, Edim 
0-5 Ai 2.8 6.3 7 
5-9 All 2.8 5.6 4 
9-13 Ag 2.3 5.4 2 
13-17 ApBi 3.9 5.7 1 
17-20 Bo 6.7 5.3 1 
20-24 B2B3 8.0 5.3 0 
24-29 B3 3.5 6.1 1 
29-35 B3C1 3.6 6.5 4 
35-41 Ci 7.3 6.3 2 
4L-47 Gil 7.1 7.0 2 
47-53 C2 6.6 7.1 5 
53-65 C21 5.9 7.1 5 
P-186, Putnam 
0-6 2.5 5.6 1 
6-11 
•^12 2.5 5.3 1 11-17 ^2 3.1 5.5 1 17-22 ^2 9.1 5.5 0 
22-29 ®21 8.5 5.5 0 
29-35 B3 7.3 5.7 3 
35-43 B31 6.4 6.0 9 
43-43 5.9 6.3 5 
^Determined on air-dry soil, calculated on oven-dry basis (105°-110^ C.) 
2 Air-dry soil-water ratio 1:2. 
3 Determined V Soil Testing Laboratory, loxia. State Collese, Ames, lovra,. 
Extractant 0.03N in 0.02^ HCl, air-dry soil-extractant ratio 1:7. 
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Soil Reaction (pH) 
The pH values for the samples are given in Table 1, 
There is a change of less than tivo pH units along the tra­
verse, but in general the more I'/eathered soils have the 
iCTi-^er pH readings. The profiles as a group are more acid 
in the B horizons than in parts of the A or C horizons. 
The pH of the upper A horizon in the Minden profile 
is about 6.6 but a decrease to 6,1 is noted in the B hori­
zon, with a higher value of 6,6 in the C horizon. The 
Winterset profile ranges in reaction from a pH of 5*8 in 
the surface and in the B horizon to a pH of 6.3 in the C 
horizon. The Haig profile is similar to the '^interset but 
is less acid in the C horizon. The Edina profile varies 
more than the other profiles in reaction, having a pH of 
6,3 in the surface, in the A2 horizon, to 6,1 in 
the B horizon, but the pH is as high as 7-1 in the lov/er 
C horizon. The Putnam profile is in general the most acid 
of the five profiles studied, having a pH around 5 
throughout most of the profile except for the lover B and 
C horizons where the pH is 6,0 to 6,3* 
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"Available" Phosphorus 
Tlie "available" phosphorus, shoim in Table 1, changes 
vrith depth in the profiles and some differences occur along 
the traverse. The phosphorus extracted by the method used 
here ranges in the Minden profile from ^ ppm in the surface 
to a low of 1 ppm in the horizon but increases to 11 
ppm in the C horizon. The Winterset profile is similar to 
the Ilinden profile, but 7 ppm of phosphorus were extracted 
from the VJinter set surface sample. The phosphorus readings 
are similar in the Haig and Edina profiles, especially in 
lovrer A through the C horizons; hovjever, the Idina surface 
layer has more "available" phosphorus than does the corres­
ponding layer in the Haig profile. The Putnam profile has 
around 1 ppm or less "available" phosphorus in the A and 
much of the B horizon, but in the C horizon this profile 
is not greatly different from the others. 
Total Phosphorus 
The data for the total phosphorus in the profiles are 
given in Table 2 and the results are shown graphically in 
Figure 3* It is readily seen that the total phosphorus 
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Table 2 
Total, InorganicP-, and Organic^  Phosphorus in Profiles, an 
Total Pho3phoru!3 in Organic Form 
P-217A, Minden P-21SA, Wintaraet 
Total Inorganic Organic Organic P Total Inorganic Organic Orga. 
Depth P P P percentage Depth P P P pero 
inches ppm ppm PFO of total inches ppn Rpa ppci of 
0-6 792 387 415 52.4 0-6 745 332 413 5 
6-11 739 377 362 49.0 6-11 684 332 352 5 
11-16 692 347 345 49.9 11-15 563 270 293 5 
16-25 648 375 273 42.1 15-20 488 244 244 5 
25-33 626 500 126 20.1 20-25 413 248 165 4 
33-39 730 695 35 4.8 25-30 403 310 93 2 
39-49 796 796 0 0.0 30-36 624 602 22 
49-59 790 790 0 0.0 36-44 785 785 0 
44-52 853 853 0 
P-16, Edina P-186, Putnam 
Total Inorganic Organic Organic P Total Inorganic Organic Orgaj 
Depth P P P percentage Depth P P P perc( 
inches ppm ppm ppm of total inches ppm ppm ppm of • 
0-5 556 327 229 41.2 0-6 432 199 233 5: 
5-9 468 188 280 59.8 6-11 368 183 185 5( 
9-13 359 264 95 26.5 11-17 339 272 67 V 
1>17 327 221 106 32.4 17-22 393 262 131 31 
17-20 370 224 146 39.5 22-29 384 293 91 2: 
20-24 372 226 146 39.3 29-35 516 478 38 1 
24-29 384 273 111 28.9 35-43 578 578 0 ( 
29-35 452 421 31 6.9 43-43 589 589 0 ( 
35-41 674 674 0 0.0 
41-47 701 701 0 0.0 
47-53 681 681 0 0.0 
53-65 681 681 0 0.0 
D^ifference betueen total P and organic P* 
2 All values, including zero, fotmd to vary approxiroately + 20 ppm. 

Table 2 
ganlc^  Phoaphorxis in Profiles, and Percentage 
Phosphorus in Organic Form 
P-2ia4, Winterset P-220, Haig 
Total Inorganic Organic Organic P Total Inorganic Organic Organic P 
P P P percentage Depth P P P percentage 
ppm ppm ppm of total inches ppa ppm ppm of total 
U5 332 413 55.4 0-7 541 233 303 56.9 
684 332 352 51.5 7-10 533 217 316 59.3 
563 270 293 52.0 10-14 512 244 263 52.3 
433 244 244 50,0 14-13 332 195 137 a.3 
413 248 165 40.0 13-22 312 202 110 35.3 
403 310 93 23.1 22-26 299 201 93 32.3 
624 602 22 3.5 26-30 303 247 56 13.5 
735 735 0 0.0 30-34 452 412 AD 3.9 
353 353 0 0.0 34-^  595 595 0 0.0 
40-46 700 700 0 0.0 
46-52 713 713 0 0.0 
52-60 739 739 0 0.0 
P-.136, Putnam 
Total Inorganic Organic Organic P 
P P P percentage 
ppn ppa ppm of total 
432 199 233 53.9 
363 133 135 50.3 
339 272 67 19.3 
393 262 131 33.3 
334 293 91 23.7 
516 478 38 7.4 
573 573 0 0.0 
539 539 0 0.0 
imately + 20 ppm» 
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Figure 3. Distribution of Total Phosphorus in the 
Profiles# 
decreases along the traverse from the Mlnden to the Putnam 
profile. It is also apparent that the minimum value for 
each profile occurs either in the lower A horizon or in 
the B horizon. Tlie rainlmum change in total phosphorus in 
relation to depth of samples within the profile occurs in 
the llinden. The Minden values range from 792 ppm in the 
surface to 626 ppm in B horizon and then increase to 796 
ppm in the C horizon. The Winterset surface sample con­
tains an amount of the total phosphorus similar to that in 
the Minden, but contains a minimum of only MD3 Ppm in the 
B horizon, while the C horizon contains as much as 853 Ppm. 
The greatest difference in total phosphorus in relation to 
depth in the profile occurs in the Haig with 5^1 ppm in 
the surface sample, a low of 299 Ppm in the B horizon, 
and a maximum of 789 ppm in the C horizon. The Ldina pro­
file is similar to the Haig in total phosphorus except that 
the minimum value, which occurs in the A^B^ horizon in the 
Edina, is slightly larger than the minimum for the Haig. 
The Putnam profile contains the lovjest amounts of total 
phosphorus on a parts per million basis, with a variation 
of from lf32 ppm in the surface sample to 339 PPm in Ag 
horizon and only 5^9 Ppm in the ^-3 to U-8 inch layer. The 
higher value at the maximum depth in the Putnam profile 
is less than the values at similar depths in the other 
profiles, but the miniimm in the A2 horizon is not as low 
as vas found in samples at equal or slightly greater depths 
in the Edina and Haig profiles. 
Table 3 shows the calculated pounds per acre of total 
phosphorus contained in 0 to 2^ inches, 2k- to W inches, 
and 0 to ^8 inches of soil in each profile. These calcu­
lations involved the use of volume weight values reported 
by other vjorkers as indicated in a footnote to the table. 
In the 0 to 2h inch layer the pounds of phosphorus decreases 
along the traverse directly from ^ 3^7 pounds in the Minden 
profile to 2^80 pounds in the Putnam profile. In the 2k to 
U-S inch layer the decrease is from ^ 821 pounds in the Minden 
to a lo!'/ of 389? pounds in the Kaig, The Edina and 1-iitnam 
profiles contain more pounds of phosphorus than the Haig in 
the 2^ to ^8 inch layers I'.'ith ^12^ poiinds and ^387 pounds 
respectively. The total phosphorus per acre in the 0 to 
^+8 inch layer decreases from 9128 pounds in the Minden to 
6736 pounds in the Haig, but again the Edina and Putnam 
are higher than the Ilaig. 
Table 3 also shows the ratios of the pounds total phos­
phorus per acre in the 0 to 2k inch layers in relation to 
the pounds total phosphorus per acre in the 2k to ^8 inch 
layers. These ratios decrease directly from 0,89 in the 
Minden to 0,?^ in the Putnam. 
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Table 3 
Total Fhoaphorus, Total Inorganic Phosphoms, Total Organic Phosphorv 
Profiles Calculated as Ptounds per 























P-217A MlJiderP- 1.11 1.24 4307 4821 2243 4W1 2064 380 
P-2iai WinterselP- 1.13 1.32 3910 4747 2044 45a 1866 206 
P-.220 Haig^  1.18 1.34 234L 3895 1397 3718 T/,/,/, "* I* r r  177 
P-16 Edina^  1.24 1.34 2830 4L24 1680 3900 1150 224 
P-186 Putnaa^  1.19 1.54 2480 4387 1517 4156 963 231 
Volume wei{^ts based on data from Ulrich (64). 
o^linne weights based on data from "Whiteside and Marshall (66)* 

Table 3 
aorus# Total Organic Phosphorus, Total Hitrosen, and Total Carbon in the 




































43 4441 2064 380 10240 4279 123309 35894 0.89 9128 
44. 45a 1866 206 10527 3482 147289 33532 0.82 8657 
97 371S 177 '-?32 3176 128757 29582 0.73 6736 
SO 3900 1150 224 7822 3035 91082 29940 0,69 6954 




The organic phosphorus decreases vertically in all 
profiles, A decrease is apparent, too, along the traverse 
from the !'inden to the Putnam profile. These data are 
shovm in Table 2 and Figure In general the greatest 
amount of organic phosphorus occurs in the surface samples 
in each profile, the phosphorus in ppra being as follows: 
V15 in the l inden, ^ -13 in the 'vinterset, 3Q8 in the Haig, 
229 in the Tdina, and 233 in the Putnam, The rate of de­
cline of organic phosphorus vertically in the profiles 
increases in relation to the degree of veathering exhibited 
in the profiles. All of the profiles contain only around 
20 to 30 PPiii of organic phosphorus at depths of 30 to ^  
inches, Belov; these depths the organic phosphorus measured 
was within experimental error and is sho-'.-m as zero. 
The percentages of the total phosphorus in the organic 
forms are given in Table 2 also. These data show the rapid 
decline of the organic phosphorus vertically in the pro­
files, In the surface over 50,0 percent of the total phos­
phorus is contained in organic forms, but at 30 to MD inches 
only 5«0 percent or less exists as organic phosphorus. The 
bleached A2 horizons in the Edina and Putnam profiles 
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phosphorus In the organic forias respectively, while in the 
other profiles at comparable depths the percentages are 
over tvice as great. This relationship along the traverse 
is pointed out in Figure 5* 
Table 3 and Figure 6 show that the pounds per acre of 
organic phosphorus in the profiles decreases along the 
traverse from 206^ pounds in the 0 to 2h inch layer in 
the Mind en to 963 pounds in the Putnam for this layer. 
The pounds per acre of organic phosphorus in the 2^ - to ^ 8 
inch layers range from 380 in the Mind en to as low as 177 
in the Ilaig, but the Edina and Putnam contain a fe;^ pounds 
more than the Winter set and Ilaig in these layers. It may 
also be seen from Figure 6 that the pounds of organic phos­
phorus per acre in the 0 to 2h inch layers are slightly less 
than the pounds per acre of inorganic phosphorus in the 
0 to 2k inch layers in the Minden and V/interset profiles; 
these two forms are about equal in the Haig profile, but 
the organic phosphorus is much less than the inorganic in 
the Fdina and Putnam profiles. Figure 6 shows in addition 
that the organic phosphorus contents in the five profiles 
tend to break down into three general levels. The Minden 
and VJinterset are relatively high in organic phosphorus, 
the Haig is intermediate, and the Edina and Putnam are 
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Total Inorganic Phosphorus 
The total inorganic phosphorus data are given in Tables 
2 and 3 and in Figure 6, The values shovm are merely the 
differences found between the total phosphorus and the or­
ganic phosphorus, and for this reason the inorganic phos­
phorus constitutes from less than 50 percent of the total 
phosphorus in the surface samples to as much as 100 percent 
of the total phosphorus in the lower portions of the profiles 
for which zero values of organic phosphorus vere reported. 
The trend along the traverse indicates a decrease in Inorganic 
phosphorus from the Minden to the Haig profile and then an 
increase in the Edina and Putnam profiles. This trend exists 
in the data sho\;ing parts per million of inorganic phosphorus 
(Table 2) and in the data calculated on a pounds per acre 
basis (Table 3, Figure 6), 
Organic Carbon 
The total carbon in the profiles vas assumed to be 
organic carbon since there was no indication by the pH 
values or the HCl field test that these profiles contained 
free carbonates. The data are given in Tables 3 and and 
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the trends along the traverse Indicate that carbon has 
accuimilated during the soil \ireatherin<^ processes up to 
certain point and has then declined. 
The percentage of carbon in the Minden surface sample 
is 2.60, but in the surface sample of the other profiles 
the values are 3*66 in the Winterset, 2.69 in the Haig, 
2,2h in the Fdina, and 1.73 in the Putnam, It is seen that 
the maxinuia percentage of carbon occurs in the inter set 
surface sample, but that the Haig is higher than tlie Kinden. 
The Planosol soils (F.dina and Putnam) are lower in carbon 
in the surface samples than are the other profiles. The 
percentage carbon decreases with depth in all profiles to 
less than 1.00 percent in samples below about 25 inches, 
but the rate of decline is more rapid in the more highly 
weathered soils. The trend along the traverse vjith respect 
to the pounds per acre of carbon in the 0 to 2^ inch layer 
is the same as for the trend in percentages of carbon in 
the surface samples, but in the 2k to ^ 8 inch layers the 
pounds of carbon decrease from the Minden profile to a 
minimum in the Haig profile and then increase in the Edina 
and Putnam profiles. 
Table 4 
Total Nitrogen, Total Carbon, ard Total Organic Phosphorus in the 
Profiles with Interrelated Ratios 
Total Total Total Total 
Depth nitrogen carbon organic matter or^mic phosphorus 
inches percent percent^ percent^ ppnr C/iJ C/organic P N/organic P 
P-217A, Minden 
0—6 0.213 2.60 4.48 4L5 12.21 62.65 5.13 
6-11 0.179 2.25 3.88 362 12.57 62.15 4.95 
11-16 0.168 2.02 3.48 345 12.02 68.55 4.87 
16-25 0.132 1.51 2.60 373 11.44 55.31 4.84 
25-33 0.084 0.86 1.49 126 10.24 68.36 6.66 
33-39 0.046 0.37 0.64 35 8,04 105.71 13.14 
39-49 0,046 0.24 0.41 0 5.22 — .— 
49-59 0.027 0.20 0.35 0 7.41 — — 
P-2iaA,, Winterset 
0—6 0.250 3.66 6.31 413 14.64 88.61 6.03 
6-11 0.201 3.04 5.24 352 15.12 86.36 5.71 
11-15 0.150 1.95 3.36 293 13.00 66.55 5.12 
15-20 0.123 1.58 2.72 244 12.85 64.75 5.04 
20-25 0.098 1.17 2.02 165 11.94 70.90 5.94 
25-30 0.077 0.82 1.41 93 10.65 88.18 8.28 
30-36 0.052 0.53 0.91 22 10.19 240.90 23.63 
36-44 0.037 0.25 0.43 0 6.76 — 















































































0-7 0.193 2.69 4.64 308 
7-10 0.167 2.48 4,28 316 
10-u 0.150 2.24 3,86 268 
14.-18 0.099 1.46 2,52 137 
18-22 0,087 1.25 2,16 no 
22-26 0.081 1.09 1,88 98 
26-30 0.060 0.61 1,05 56 
30-34 0.044 0.42 0,72 40 
34-40 0.038 0*33 0.57 0 
40-46 0.031 0.19 0.33 0 
46-52 0.027 0.16 0.28 0 
52-60 0.022 0.13 0.22 0 
P-16, Edina 
0-5 0.177 2.24 3,86 229 
5-9 0.U3 1.88 3,24 280 
9-13 0.075 1.01 1.74 95 
13-17 0.069 0,88 1.52 106 
17-20 0.080 1.02 1,76 146 
20-24 0.084 0,77 1,33 146 
24-29 0.062 0.70 1,21 111 
29-35 0.048 0.51 0,88 31 
35-41 0.036 0.33 0.57 0 
a-47 0.027 0,20 0.34 0 
47-53 0.021 0.12 0.21 0 
53-65 0.019 0.09 0,16 0 
P-186, Putnam 
0-6 0.151 1.73 2.98 233 
6-U 0.106 1.15 1.98 185 
11-17 0.059 0.59 1.02 67 
17-22 0.104 0.96 1.66 131 
22-29 0.082 0.77 1.33 91 
29-35 0.045 0.48 0.83 38 
35-43 0.029 0.26 0.49 0 
43-48 0.025 0.16 0.28 0 
^Assumed to be organic carbon* 
= C X 1.724. 
3 All 'valiMs, including zero) found to vary approximately 
13.94 87,34 6.27 
14,35 78,48 5.28 
14,93 83,58 5.60 
14,75 106,57 7.23 
U.37 113,64 7.91 
13,46 111,22 8.27 
10,17 108.93 lO.'Tl 





12.66 97.82 7.72 
13,15 67.14 5.10 
13.47 106.31 7.89 
12.75 83.02 6.51 
12.75 69.86 5.48 
9.17 52.73 5.75 
11.29 63.06 5.59 






11.46 74.24 6.4^  
10,85 62.16 5.73 
10.00 88,06 8.81 
9,23 73.28 7.94 
9.39 84.61 9,01 









The soil organic matter data are given in Tahle h. 
These data were obtained by raultiplying the percentages 
of carbon by factor 1,72^> which is based on the assumption 
that soil organic matter is approximately ^8.00 percent 
carbon. 
Total Nitrogen 
The percentages of total nitrogen in the profiles are 
presented in Table The nitrogen content of the surface 
samples increases from 0,213 percent in the ^linden to a 
maxinura of 0,2^0 percent in the Vfinterset and then declines 
to 0,193 percent in the Haig, 0,177 percent in the Edina, 
and finally to 0,l5l percent in the Putnam, The nitrogen 
values in the surface samples follow the same trends as 
do the carbon values, except that the Minden is higher in 
nitrogen in the surface sample than is the Haig, The 
nitrogen content decreases in the profiles to around 0,020 
percent in the lower C horizons, but the rate of decline 
of the nitrogen content vdth depth in the several profiles 
does not appear to be greatly different. 
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The pounds per acre of total nitrogen in the 0 to 2h 
inch layer increases from 102^0 poLinds in the Minden pro­
file to a maximum of 10527 pounds in the V^interset profile, 
and then decreases directly to a miniinura of 66?^ pounds in 
the Putnam profile. The pounds of nitrogen per acre in the 
2h- to hS inch layer decreases along the traverse from a 
maximum of H-279 pounds in the Minden profile to a miniinura 
of 3035 pounds in the Edina, The Putnam contains 3627 
pounds of total nitrogen per acre in this layer, which is 
second only to the Minden profile. 
Carbon to Nitrogen Ratios 
The carbon to nitrogen ratios vary vertically in the 
profiles and along the traverse as indicated in Table 
The ratios in the Minden profile are from about 12.00 in 
the surface sample to as low as about 5*00 in the C hori­
zon, The ratios in the VJinterset and Haig profiles are 
wider than in the Minden, some values being around 15,00 
in the A and B horizons of these profiles. In the Edina 
profile the ratios are sinilar to those in the Ilindon, but 
in the Putnam the ratios are narrower than in the Minden 
profile. The ratios in the Putnam vary from around 10,00 
-6if-
in the surface sample to about 6,00 at the greatest depth 
sampled. 
Carbon to Organic Phosphorus Ratios 
t'ide variations exist in the carbon to organic phosphorus 
ratios as indicated in Table The ratios in all profiles 
are at a rainiTrniin in the lox;er A or upper B horizons but are 
much wider below these portions of the profiles. The ratios 
in the Minden profile change from 62,25 in the surface sample 
to 55-31 in the lo\-rer A horizon, thence to a maximum of 105.71 
in the lower B horizon. The values for the remainder of the 
profiles at depths similar to those just given for the Minden 
profile arc as follows: VJinterset 83,6l, 6V,75, and 2M3,91; 
Haig 87.3^, 78,^, and 105.00; Edina 97.82, 67.1^, and 
Putnara 7'+.2^, 62*16, and 126,31, The Haig samples have more 
'ratios above 100,00 than any other profile in the sequence. 
Total'Nitrogen to Organic Phosphorus Ratios 
The nitrogen to organic phosphorus ratios are given in 
Table ^  and it can be seen from the data that these ratios 
—65-
BTUltiplied by about 10 to 1^ equal thfi carbon to organic 
phosphorus ratios. The nitrogen to organic phosphorus 
ratios change in relation to the depth of the samples in 
the profiles and along tho traverse in manner similar to 
the changes occurring in the carbon to organic phosphorus 
ratios, but the differences bet^^^een profiles are not so 
apparent in the case of the nitrogen to organic phosphorus 
ratios. Representative ratios in the I'Tinden profile are 
5.13 in the surface saraple, ^ ,37 in the lover A horizon, 
and 13.l^ in the B horizon, nitrogen to organic phosphorus 
ratios in the other profiles are around 6.00 to 8.00 in the 
surface samples, 5*00 to 8.00 in the lower A horizons, and 
11.00 to 2H-,00 in the B horizons. The widest ratios in the 
profile sequence in general occurs in the Haig profile. 
Troil Phosphorus Soluble at Varied pll Values 
The data for this study are shown in Table 5 and Figure 
7, An attempt was made to keep the data less cumbersome by 
showing the results on only eight samples per profile in 
the table and figure. 
The minimum phosphorus extracted at the various soil-
oxtractant pH values occurs around neutrality (pH 6,0 to 
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Phosphorua Extracted at Varioiis pH Valuos and at Different Depths in the Pre 




Phosphorus Maximum percentage 
pH of extracted of total P 






P-217A Minden 0-6 inches P-217^  
HCl HCl 
50.0 1.8 26 3.3 50.0 1.6 
5.0 3.3 16 5.0 3.2 
1.0 5.0 6 1.0 4.9 
0.2 5.7 4 0.2 5.2 
NaOH NaOH 
0.2 6.4 6 0.2 6*4 
0.3 7.1 9 0.3 7.3 
0.5 7.4 13 0.5 3.0 
1.0 9.2 20 1.0 8.9 
2.0 9.8 26 2.0 10.2 
10.0 11.5 37 4.7 10.0 11.8 
P-217A Minden 11-16 inches P-217A 
HCl HCl 
50.0 1.7 6 0.9 50.0 1.8 
5.0 2.9 2 5.0 3.2 
1.0 4.9 1 1.0 5.1 
0.2 6.0 0 0.2 5.6 
NaOH NaOH 
0.2 6.6 2 0.2 6.6 
0.3 6.8 4- 0.3 6.9 
0.5 7.3 4 0.5 7.8 
1.0 8.5 6 1.0 8.3 
2.0 10.0 10 2.0 9.7 
10.0 11.1 20 2.9 10.0 11.3 
P-217A landen 25-33 inches P-217A 
HCl HCl 
50.0 1.6 26 4.2 50.0 1.9 
5.0 3.4 15 5.0 3.3 
1.0 5.1 8 1.0 4.7 
0.2 5.7 0 0.2 5.7 
NaOH NaOH 
0.2 6.3 1 0.2 6,7 
0.3 6.7 2 0.3 7.2 
0.5 7.4 6 0.5 8.6 
1.0 9.0 12 1.0 9.5 
2.0 10.3 21 2.0 9.6 , 
10.0 11.6 35 5.6 10.0 11.7 
P-217A Minden 39-49 inches P-217A 
Table 5 
Variovis pH Values and at Different Depths in the Profiles idlth Ca3.culated Maximum 
Percentage of Total Phosphorus Extracted by HCl and by NaOH 
loms I'^ aximuD percentage IlCl or Phosphorus Maximum percentage 
icted of total P f^aOH j^ ded pH of extracted of total P 
XI extracted ml^  suspension*^  ppn extracted 
•6 inches P-217A Mind en 6-11 inches 
HCl 
>6 3.3 50.0 1.6 9 1.2 
L6 5.0 3.2 4 
6 1.0 4*9 2 
K 0.2 5.2 2 
NaOH 
6 0.2 6.4 5 
9 0.3 7.3 7 
L3 0.5 3.0 9 
20 1.0 S.9 13 
26 2.0 10.2 12 
37 4.7 10.0 ll.S 16 2.2 
L-16 inches P-217A Minden 16-25 inches 
HCl 
6 0.9 50.0 1.8 4 0.6 
2 5.0 3.2 2 
1 1.0 5.1 1 
0 0.2 5.6 0 
NaOH 
2 0.2 6.6 1 
4 0.3 6.9 1 
4 0.5 7.8 3 
6 1.0 3.3 5 
LO 2.0 9.7 . S 
20 2.9 10.0 11.3 19 2.9 
3^3 inches P-217A I'linden 33-39 inches 
HCl 
* 
>6 4.2 50.0 1.9 172 23.6 
.5 5.0 3.3 103 
!8 1.0 4.7 38 
0 0.2 5.7 0 
NaOH 
1 0.2 6.7 3 
2 0.3 7.2 7 
6 0.5 8.6 15 
.2 1.0 9.5 31 
1 2.0 9.6 46 
5 5»6 10.0 11.7 57 7.8 
4^9 inches P-217A Minden 49-59 inches 
NaOH 
0.2 6.4 6 
0.3 7.1 9 
0.5 7.4 13 
1.0 9.2 20 
2.0 9.8 26 
10.0 11.5 37 
HCl 
P-217A Minden 11-16 inches 
50.0 1.7 6 
5.0 2.9 2 
1.0 4.9 1 
0.2 6.0 0 
NaOH 
0.2 6.6 2 
0.3 6.8 4 
0.5 7.3 4 
1.0 8.5 6 
2.0 10.0 10 
10.0 11.1 20 
4.7 
0.9 
P-217A landen 25-33 inches 
Iffil 
50.0 1.6 26 
5.0 3.4 15 
1.0 5.1 8 
0.2 5.7 0 
NaOH 
0.2 6.3 1 
0.3 6.7 2 
0.5 7.4 6 
1.0 9.0 12 
2.0 10.3 21 
10.0 11.6 35 
P-217A Minden 39-^^ 
HCl 
50.0 1.8 231 
5.0 3.3 188 
1.0 4.7 50 
0.2 5.6 1 
NaOH 
0.2 6.6 1 
0.3 7.0 10 
0.5 7.8 23 
1.0 8.8 43 
2.0 10.0 42 






































































































































0.2 6.4 5 
0.3 7.3 7 
0.5 3.0 9 
1.0 8.9 13 
2.0 10.2 12 
10.0 11.8 16 
P-217A Minden 16-25 
HCl 
50.0 1.3 4 
5.0 3.2 2 
1.0 5.1 1 
0.2 5.6 0 
NaOH 
0.2 6.6 1 
0.3 6.9 1 
0.5 7.8 3 
1.0 8.3 5 
2.0 9.7 8 
10.0 11.3 19 
P-217A Kinden 33-39 
HCl 
50.0 1.9 172 
5.0 3.3 103 
1.0 4.7 38 
0.2 5.7 0 
NaOH 
0.2 6.7 3 
0.3 7.2 7 
0.5 8.6 15 
1.0 9.5 31 
2.0 9.6 46 
10.0 11.7 57 
P-217A Minden 49-59 
HCl 
50.0 2.0 322 
5.0 3.8 265 
1.0 4.8 69 
0.2 5.8 2 
NaOH 
0.2 6.8 11 
0.3 7.7 19 
0.5 8.3 28 
1.0 8.7 43 
2.0 9.6 62 
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Table 5 (Cont'd) 
1531 or Phosphorus Maximum percentage HGl or 
NaOH i^ed pH of „ extracted of total P NaOH addod 
ml stispension ppn extracted nl^ 
P-2iaA Winterset 0-6 inches 
HCl HCl 
50.0 1.5 20 2.7 50.0 
5.0 3.1 9 5.0 
1.0 U'2 4 1.0 
0.2 5.6 2 0.2 
NaOH NaOH 
0.2 6.8 3 0.2 
0.3 7.0 4. 0.3 
0.5 7.5 5 0.5 
1.0 8.5 8 1.0 
2.0 9.7 13 2.0 
10.0 11.5 34 4.6 10.0 
p-2iaA Winterset 15-20 inches 
HDl HCl 
50.0 2.1 4 0.8 50.0 
5.0 3.2 2 5.0 
1.0 .^1 0 1.0 
0.2 5.5 0 0.2 
NaOH NaOH 
0.2 6.6 1 0.2 
0.3 7.0 1 0.3 
0.5 7.4 2 0.5 
1.0 3 1.0 
2.0 9-6 3 2.0 
10.0 11.5 11 2.3 10.0 
p-2iaA Winterset 25-30 inches 
HCl IKI 
50.0 1.9 2 0.5 50.0 
5.0 3.2 1 5.0 
1.0 5.0 0 1.0 
0.2 5.7 0 0.2 
KaOH NaOH 
0.2 6.8 0 0.2 
0.3 7.0 0 0.3 
0.5 7.5 1 0.5 
1.0 8.1 2 1.0 
2.0 8.9 5 2.0 
10.0 11.1 13 3.2 10.0 
p-2ia& Winterset 36-4^ inches 
1 
phorus I'laximum percentage 











of total P 
extracted 

































t 36-44 inches 
131 
p-2iaA Wintorset 6^11 inches 
liCl 
2.7 50.0 1.5 7 1.0 
5.0 3.2 2 
1.0 4.7 1 
0.2 5.8 0 
NaOH 
0.2 6.9 1 
0.3 7.3 2 
0.5 7.6 4 
1.0 8.4 5 
2.0 9.8 6 
4*6 10.0 11.5 17 2.5 
p-2ia& Winterset 20-25 inches 
HDl 
0.8 50.0 2.0 2 0.5 
5.0 3.1 1 
1.0 4.7 0 
0.2 5.6 0 
NaOH 
0.2 6.7 0 
0.3 7.0 0 
0.5 7.3 0 
1.0 8.2 1 
2.0 8.9 2 
2.3 10.0 11.1 8 1.9 
P-218A Winterset 30-36 inches 
IKl 
0.5 50.0 2.0 46 7.4 
5.0 3.7 26 
1.0 5.1 10 
0.2 5.8 0 
NaOH 
0.2 6.6 0 
0.3 7.0 1 
0.5 7.8 5 
1.0 8.6 13 
2.0 9.0 31 
3.2 10.0 10.3 56 9.0 
p-2iai Winterset 44-52 inches 
HCl 






0.2 6.3 3 0.2 6.9 
0.3 7.0 4 0.3 7.3 
0.5 7.5 5 0.5 7.6 
1.0 8.5 8 1.0 8.4 
2.0 9.7 13 2.0 9.8 
10.0 11.5 34 4.6 10.0 11.5 
P-2iaA Winterset 15-20 inches P-21E 
HCl HCl 
50.0 2.1 4 0.8 50.0 2.0 
5.0 3.2 2 5.0 3.1 
1.0 4.1 0 1.0 4.7 
0.2 5.5 0 0.2 5.6 
NaOH NaOH 
6.7 0.2 6.6 1 0,2 
0.3 7.0 1 0.3 7.0 
0,5 7.4 2 0.5 7.3 
1.0 8.4 3 1.0 8.2 
2.0 9.6 3 2.0 8.9 
10.0 11.5 11 2.3 10.0 11.1 
P-2iaA Winterset 25-30 inches p-2ia 
HCl Iffil 
50.0 1.9 2 0.5 50.0 2.0 
5.0 3.2 1 5.0 3.7 
1.0 5.0 0 1.0 5.1 
0.2 5.7 0 0.2 5.8 
NaOH NaOH 
6.6 0.2 6.8 0 0.2 
0.3 7.0 0 0.3 7.0 
0.5 7.5 1 0.5 7.8 
1.0 8.1 2 1.0 8.6 
2.0 8.9 5 2.0 9.0 
10.0 11.1 13 3.2 10.0 10.3 
p-2ia& Winterset 36-44 inches P-218 
HCl HCl 
50.0 2.3 131 16.7 50.0 2.1 
5.0 3.8 102 5.0 3.7 
1.0 5.1 45 1.0 4.9 
0.2 5.8 0 0.2 6.0 
NaOH NaOH 
0.2 6.9 2 0.2 6.4 
0.3 7.1 6. 0.3 7.0 
0.5 7.9 14 0.5 7.3 
1.0 9.2 28 1.0 8.4 
2.0 9.3 59 2.0 9.0 


























































































11.5 17 2.5 
P-2iaA Winterset 20-25 inches 









11.1 8 1.9 
P-218A Winterset 30-36 inches 









10.3 56 9.0 
p-2ia& Winterset 44-52 inches 









10.3 69 8.1 
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1.0 3,5 10 1.0 
2.0 9.5 16 2.0 
10.0 11.6 27 5.0 10.0 
P-.220 Halg 18-22 inchea 
HCl HCl 
50.0 2.0 2 0.6 50.0 
5.0 3.2 0 5.0 
1.0 4.9 0 1.0 
0.2 5.5 0 0.2 
NaOH NaOH 
0.2 6.8 0 0.2 
0.3 6.9 0 0.3 
0.5 7.3 0 0.5 
1.0 8.8 0 1.0 
2.0 9.5 2 2.0 
10.0 11.5 6 1.9 10.0 
P-220 Haig 30-34 inchoa 
HCl HCl 
50.0 2.0 27 6.0 50.0 
5.0 4.0 14 5.0 
1.0 4.9 5 1.0 
0.2 5.8 0 0.2 
NaOH NaOH 
0.2 6.8 0 0.2 
0.3 7.5 0 0.3 
0.5 8.2 3 0.5 
1.0 9.2 8 1.0 
2.0 9.6 20 2.0 
10.0 U.O 24 5.3 10.0 
P-220 Haig 40-46 inches 
HCl HCl 
50.0 1.8 190 50.0 
5.0 3.4 193 27.6 5.0 
1.0 5.3 54 1.0 
0.2 5.8 0 0.2 
NaOH NaOH 
0.2 7.0 1 0.2 
0.3 7.9 3 0.3 
0.5 9.3 5 0.5 
1.0 9.9 18 1.0 
2.0 10.0 25 3.6 2.0 





2.0 9.4 4 
5.0 10.0 15 2.9 
p-220 Haig 26-30 inches 
HCl 
0.6 50.0 1.9 1 0.3 
5.0 3.8 0 
1.0 5.4- 0 
0.2 5.7 0 
NaOH 
0.2 6.5 0 
0.3 7.1 0 
0.5 7.7 0 
1.0 8.7 1 
2.0 9.3 5 
1.9 10.0 11.4. 10 3.3 
P-220 Haig 34-40 Inches 
HCl 
6.0 50.0 2.0 94 15.8 
5.0 3.4 72 
1.0 4.3 17 
0.2 5.8 0 
NaOH 
0.2 6.8 0 
0.3 7.2 1 
0.5 8.9 4 
1.0 9.1 14 
2.0 9.4 24 
5.3 10.0 11.5 28 4.7 
P-220 Haig 52-60 inches 
HCl 
50.0 2.0 250 
27.6 5.0 3.6 282 35.8 
1.0 5.3 86 
0.2 5.9 2 
NaOH 
0.2 6.4 6 
0.3 7.9 11 
0.5 8.2 .19 
1.0 8.8 28 
3.6 2.0 9.4- 36 4.6 
10.0 11.0 U 
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Table 5 (Cont'd) 
HGl or Phosphorus I>1axLmum percentage HCl or 
NaOH added pH of extracted of total P NaOH added pJ 
iqI^ suspension^ ppm extracted nl^ SUS] 
P-l6 Edina 0-5 inchea 
HCl HCl 
50.0 2.0 43 7.7 50.0 
5.0 3.3 32 5.0 
1.0 5.2 8 1.0 
0.2 6.3 4. 0.2 
NaOH KaOH 
0.2 7.0 4 0.2 
0.3 7.4. 6 0.3 
0.5 7.7 12 0.5 
1.0 8.9 18 1.0 
2.0 10.0 23 2.0 
10.0 11.5 35 6.3 10.0 
P-16 Edina 13-17 inches 
HCl HCl 
50.0 2.0 2 0.6 50.0 
5.0 3.2 1 5.0 
1.0 4.9 1 1.0 
0.2 5.3 1 0.2 
NaOH NaOH 
0.2 7.0 1 0.2 
0.3 7.4 1 0.3 
0.5 7.7 1 0.5 
1.0 9.4 5 1.0 
2.0 10.1 5 2.0 
10.0 11.6 10 3.1 10.0 
P-16 Edina 24-29 inchea 
HCl HCl 
50.0 2.2 4 1.0 50.0 
5.0 4.0 3 5.0 
1.0 5.3 1 1.0 
0.2 5.9 0 0.2 
WaOH NaOH 
0.2 6.8 0 0.2 
0.3 7.2 0 0.3 
0.5 7.6 1 0.5 
1.0 8.0 2 1.0 
2.0 9.0 7 2.0 
10.0 11,5 18 4.7 10.0 
P-I6 Edina 35-41 inches 
PUS l<laximum percentage HCl or Phosphonja Maximum percentage 
bed of total P NaOH added pH of extracted of total P 
extracted nl^  suspension^  ppa extracted 

















































































































hes P-16 Edina 47-53 inches 
HCl 
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Table 5 (Cont'd) 
HCl or Phosphorus I<]axlsium percentage HCl or 
NaOH added pH of extracted of total P NaOH added pH 0 
mil suspension'^ ppm extracted nil suspsn 
P-16 Edina 0-5 inches P-16 
HCl HCl 
50.0 2.0 43 7.7 50.0 2.0 
5.0 3.3 32 5.0 3.1 
1.0 5.2 3 1.0 4.5 
0.2 6.3 4 0.2 5.7 
NaOH NaOH 
0.2 7.0 4 0.2 6.8 
0.3 7.4 6 0.3 7.2 
0.5 7.7 12 0.5 7.7 
1.0 8.9 18 1.0 8.5 
2.0 10.0 23 2.0 9.7 
10.0 11.5 35 6.3 10.0 11.2 
P-16 Edina 13-17 inches P-16 
aci HCl 
50.0 2.0 2 0.6 50.0 1.9 
5.0 3.2 1 5.0 3.4 
1.0 4.9 1 1.0 5»5 
0.2 5.3 1 0.2 6«1 
NaOH NaOH 
0.2 7.0 1 0.2 6.9 
0.3 7.4 1 0.3 7.2 
0.5 7.7 1 0.5 7.6 
1.0 9.4 5 1.0 8.3 
2.0 10.1 5 2.0 9.5 
10.0 11.6 10 3.1 10.0 11.4 
P-16 Edina 24-29 inches P-16 
HCl HCl 
50.0 2.2 4 1.0 50.0 2<i4 
5.0 4.0 3 5.0 4.0 
1.0 5.3 1 1.0 5.0 
0.2 5.9 0 0.2 6.1 
NaOH NaOH 
0.2 6.8 0 0.2 7.1 
0.3 7.2 0 0.3 7.3 
0.5 7.6 1 0.5 7.8 
1.0 3.0 2 1.0 8.2 
2.0 9.0 7 2.0 9.9 
10.0 11.5 18 4.7 10.0 11.2 
P-16 Edina 35-4L inches P-16 ! 
HCl HCl 
100 14.8 50.0 
lorm I'taxlnum percentage HCl or Phosphorus Maxinitim percentage 
icted of total P NaOH added pH of extracted of total P 
XI extracted nl^  suspension'^ pptn extracted 
:hes P-16 Edina 5-9 inches 
HCl 
i3 7.7 50.0 2.0 9 1.9 
32 5.0 3.1 4 
8 1.0 4-. 5 3 
A 0.2 5.7 2 
NaOH 
4 0.2 6.3 4 
6 0.3 7.2 5 
L2 0.5 7.7 7 
L8 1.0 8.5 11 
23 2.0 9.7 10 
35 6.3 10.0 11.2 24 5.1 
Inches P-16 Edina 20-24 Inches 
HCl 
2 0.6 50.0 1.9 1 0.3 
1 5.0 3.4 0 
1 1.0 5.5 0 
1 0.2 6.1 0 
NaOH 
1 0.2 6.9 0 
1 0.3 7.2 0 
1 0.5 7.6 0 
5 1.0 8.3 0 
5 2.0 9.5 1 
LO 3.1 10.0 11*4 9 2.4 
Inches P-16 Edina 29-35 inches 
HCl 
4. 1.0 50.0 2.4 33 7.3 
3 5.0 4.0 21 
1 1.0 5.0 8 
0 0.2 6.1 0 
NaOH 
0 0.2 7.1 1 
0 0.3 7.3 1 
1 0.5 7.8 2 
2 1.0 8.2 5 
7 2.0 9.9 14 
.8 4.7 10.0 11.2 25 5.5 
inches P-16 Edina 47-53 inches 
HCl 
» U.8 50.0 2.1 213 to r n 
t-
0.3 6 0.3 7.2 
0.5 7.7 12 0.5 7.7 
1.0 S.9 18 1.0 8.5 
2.0 10.0 23 2.0 9.7 
10.0 11.5 35 6.3 10.0 U.2 
P-l6 Edina 13-17 inches P-16 Ed 
HCl HCl 
50.0 2.0 2 0.6 50.0 1.9 
5.0 3.2 1 5.0 3.4 
1.0 4.9 1 1.0 5.5 
0.2 5.3 1 0.2 6.1 
NaOH NaOH 
0.2 7.0 1 0.2 6.9 
0.3 7.4 1 0.3 7.2 
0.5 7.7 1 0.5 7.6 
1.0 9.4 5 1.0 8.3 
2.0 10.1 5 2.0 9.5 
10.0 11.6 10 3.1 10.0 11.4 
P-l6 Ekiina 24^ 29 inches P-16 Ed 
HCl HCl 
50.0 2.2 4 1.0 50.0 2.4 
5.0 4.0 3 5.0 4.0 
1.0 5.3 1 1.0 5.0 
0.2 5.9 0 0.2 6.1 
HaOH NaOH 
0.2 6.8 0 0.2 7.1 
0.3 7.2 0 0.3 7.3 
0.5 7.6 1 0.5 7.8 
1.0 S.O 2 1.0 8.2 
2.0 9.0 7 2.0 9.9 
10.0 11.5 18 4.7 10.0 11.2 
P-16 Edina 35-41 inches P-l6 Ed 
HCl HCl 
50.0 2.3 100 14.8 50.0 2.1 
5.0 3.6 82 5.0 3.5 
1.0 5.1 38 1.0 5.0 
0.2 6.2 0 0.2 6.1 : 
NaOH KaOH i 
0.2 7.1 2 0.2 6.9 
0.3 7.5 2 0.3 7.9 
0.5 8.0 4 0.5 8.0 
1.0 8.8 8 1.0 9.3 
2.0 9.4' 17 
3.6 
2.0 9.4 




0.3 7.2 5 
0.5 7.7 7 
1.0 8.5 11 
2.0 9.7 10 
6.3 10.0 11.2 24 5.1 
P-16 Edim 20-24 Inches 
iiCl 
0.6 50.0 1.9 1 0.3 
5.0 3.4 0 
1.0 5.5 0 
0.2 6,1 0 
NaOH 
0.2 6.9 0 
0.3 7.2 0 
0.5 7.6 0 
1.0 8.3 0 
2.0 9.5 1 
3.1 10.0 11.4 9 2.4. 
P-16 Edina 29-35 inches 
HCl 
1.0 50.0 2*4 33 7.3 
5.0 4.0 21 
1.0 5.0 8 
0.2 6.1 0 
NaOH 
0.2 7.1 1 
0.3 7.3 1 
0.5 7.8 2 
1.0 8.2 5 
2.0 9.9 14 
4.7 10.0 11.2 25 5.5 
P-16 Edina 47-53 inches 
HCl 
14.3 50.0 2.1 213 
5.0 3.5 226 33.2 
1.0 5.0 66 
0.2 6.1 1 
NaOH 
0.2 6.9 6 
0.3 7.9 8 
0.5 8.0 13 
1.0 9.3 20 
2.0 9.4 25 3.7 
3.6 10.0 11.3 19 
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pll 3,0) in all of the samples. The changes in the release 
of phosphorus in relation to changes in pH are apparent from 
Figure 7» but the magnitude of the changes varies in the 
different samples. In general the phosphorus extracted in 
the acid pH range decreases from the surface samples to a 
miniErum somevrhere in the A or B horizons—most often in the 
B horizons. Beloa^ this rainimuiti area increases in the x)hos-
pliorus soluble at the low pHs are apparent, and the maxiraura 
phosphorus values in all profiles occur in the C horizons. 
The maxinTura phosphorus soluble in the alkaline pH range 
is higher in the surface samples than that soluble at low 
pHs in all profiles except the B^dina, The phosphorus soluble 
at the alkaline pH values decreases vith depth in the pro­
files to a miniicm in the lover A or upper B horizons also, 
but in these areas of lov? phosphorus solubility, at all pHs 
used, the phosphorus soluble at the higher alkaline pH 
values is relatively much greater than at the Iot.'" pH values. 
The high pH solutions extracted more phosphorus in the C 
horizons than in either the A or B horizons, but in the C 
horizons the phosphorus extracted by the low pH solutions 
\/as usually very much greater. The exceptions may be noted 
in Figure 7 and Table 5-
All horizons in the profiles tend to shoi^ the highest 
extractablc phosphorus either at the lowest pH values or at 
-73-
the highest pH values, but a fevj exceptions occiir in some of 
the C horizons. In portions of the A and B horizons the 
soluble phosphorus was zero or near zero over a \7ide range 
of pH values, from around pH 3,0 to pll 9.0. In the C hori­
zons the soluble phosphorus increased sharply at pHs below 
6.0,  
The ppm phosphorus extracted at the more acid and more 
alkaline pH values varies widely in the different horizons 
and along the traverse. The trend was for relatively more 
phosphorus to be extracted at the high pH values than at the 
low pH values in the more strongly developed profiles. In 
the Minden surface sample 26 ppm and 37 ppw of phosphorus 
were extracted at pH 1,8 and pH 11,5 respectively, while at 
a depth of l6 to 25 inches only h- ppm and 19 ppm were ex­
tracted at similar pHs, but in the lov;er C horizon, at pH 
values similar to above, 322 ppm were extracted at the low 
pH and 62 ppm was the greatest amount extracted in the 
alkaline range. As seen from Table 5 and Figure 7 these 
values for the surface sample of the Hinden profile amount 
to about 3»0 percent of the total phosphorus at pH 1,8 and 
^,7 percent in the case of the pll at 11,5• In the 16 to 
25 inch layer the maximum percentage of the total phosphorus 
extracted was less than 1,0 percent, and in the alkaline 
range a maximum of 2,9 percent was extracted. In the C 
-7^-
horizon up to ^0,8 pcrcent of the total phosiDhorus v/as 
extracted in the acid pH range, and 7.8 percent v;as the 
highest in the alkaline range, A change in the extractable 
phosphorus toward relatively more phosphorus soluble at 
alkaline pll values than at the acid pH values is seen in 
the data on the other profiles. It should be pointed out, 
however, that in none of the profiles at around l6 to 2? 
inches was there as much as 1,0 percent of the total phos­
phorus extractable by the most acid solution used. 
The trends in phosphorus solubility along the traverse 
indicate a shift from the forms of phosphorus soluble at 
low pH values to forms relatively more soluble in the 
alkaline pH range. This is apparent from the data on the 
Putnam profile. In the Putnam profile the relative solu­
bility of the inorganic phosphorus in the alkaline pH range 
in comparison to the solubility in the acid pH range is at 
a maximum for the five profiles studied. Also, in the Fut-
name profile lo\irer percentages of the total phosphorus were 
extractable in the various pH media used; this was especially 
true in the C horizon. 
-15" 
Free Iron Oxides 
All of the profilef5 in the sequence are low in iron 
extracted by a free iron oxide method as may be seen from 
Table 6 and Figure 8, The content of this form of iron in 
all samples is less than 1,30 percent. The Minden profile 
is the highest in free iron oxides of all the profiles and 
shows the least variation \\fith depth in the profile. The 
minimum values for the five profiles occur in the A and B 
horizons of the Haig profile. In general the other profiles 
are higher than the Haig in free iron oxides. The Putnam 
profile, except for the upper A horizon, is almost as high 
in free iron oxides as is the Minden profile. The free 
iron oxides tend to be at a maximum at depths of 30 to ^  
inches in all profiles except the Edina and Putnam5 in these 
profiles more free iron oxides occur at depths of 20 to 30 
inches, 
Hydrochloric Acid (* Magnesium Ribbon) Intractable 
Iron and Phosphorus 
This study indicates the effect of a reducing agent 
(magnesium ribbon) on the release of iron and phosphorus 
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Table 6 
Bxtractable Iron in the ftrofilea^ 
P-217A Minden P-2iaA Winteraet P-220 Haig P-l6 Edina 
Depth Iron Depth Iron Depth Iron Depth Ire 
inches percent inches percent inches percent inches perc 
0-6 1.05 0-6 0»66 0-7 0.58 0-5 0, 
6-11 1,05 6—li 0.69 7-10 0.55 5-9 0, 
11-16 1.05 11-15 0.70 10-14 0.55 9-13 Oo 
16-25 1.14 15-20 0.77 14-18 0.56 13-17 0. 
25-33 1.26 20-25 0.S5 13-22 0.70 17-20 1. 
3>39 1.14 25-30 1.03 22-26 0.31 20-24 1. 
39-49 1.10 30-36 1.06 26-30 0.99 24-29 1. 
49-59 0.78 36-44 1.05 30-34 1.00 29-35 1. 
44-52 1.14 34^ 40 1.08 35-41 0. 
0.79 4L-47 0. 
46-52 0.56 47-53 0. 
52-60 0.68 53-65 0. 
^By oxalic acid-potassium oxalate + magnesium ribbon method for free iron a 




Extractable Iron in the Profiles^ 
P-21SA Winteraet P-220 Haig P-16 Edina P-186 Putnam 
Depth Iron Depth Ijron Depth Iron Depth Iron 
p inches percent inches percent inches percent inches percent 
0-6 0»66 0-7 0.58 0-5 0.71 0-6 0.63 
6—11 0.69 7-10 0.55 5-9 0.72 6-11 0.63 
11-15 0.70 10-14 0.55 9-13 0.76 11-17 1.10 
15-20 0.77 14-13 0.56 13-17 0.90 17-22 1.16 
20-25 0.85 13-22 0.70 17-20 1.06 22-29 1.10 
25-30 1.03 22-26 0.81 20-24 1.09 29-35 1.12 
30-36 1.06 26-30 0.99 24-29 1.05 35-43 1.13 
36-44 1.05 30-34 1.00 29-35 1.02 43-48 0.96 
44-52 1.14 34-40 1.08 35-41 0.97 
40—46 0.79 41-47 0.90 
46-52 0.56 47-53 0.73 
52-60 0.68 53-65 0.74 
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from the soils. Table 7 shows the iron and phosphorus values 
obtained vfith and -vrithout the ma^^nesium ribbon in tho HCl 
oxtractant. Included in the table alino are data shov/ing by 
difx'erence the increases in iron, phosphorus, and percentage 
of total phosphorus extracted, i/hich were produced by tlie 
addition of the magnesium ribbon to the extracting agent. 
Figures 9, 10, 11, 12, and 13 shov; the increases of iron and 
phosphorus v;ith depth for each profile. 
The data indicate that magnesium ribbon in the H-K HCl 
effected a greater release of iron and phosphorus from all 
of the samples in the profiles than did the Wk HCl minus 
the magnesium ribbon. In the A and C horizons greater in­
creases occurred in the release of phosphorus than in iron, 
but in the B horizons the greater increase v/as in the iron. 
This effect occurred in all profiles except the Minden. 
In the ITinden profile the magnesium ribbon caused a release 
of more iron in relation to the release of phosphorus in the 
A and C horizons and a reverse of this in the B horizon. 
In other words the Minden profile samples reacted in a 
manner opposite to the other profile samples regarding the 
action of the magnesium ribbon on iron and phosphorus. 
It is of interest to note that the percentages of iron 
extracted by the U-K HCl with the magnesium ribbon added are 
not greatly different from the percentages of iron extracted 
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Extractable Iron and Phosphorus by 4^ and by Magnesiinn Rib 
Percentage of Total Phosphorus Extracted, and Calculated Diffe 
Two Methods of Extraction 
4JN HCl (A)^ -yi liCl + Mg ribbon (B)^ 
Depth Iron Phosphorus Percentage of Iron Phosphorus Percentage of 
Inches percent ppm total P extracted percent ppci total P extracted 
P-217A, Mindan 
0-6 0.74 160 20.2 1.13 190 24.0 
6-U 0.61 114 15.4 1.03 149 20.2 
11-16 0.66 105 15.2 1.10 151 21.8 
16-25 0.69 108 16.7 1.04 la 21.8 
25-33 0.75 228 36.4 1.31 292 46.6 
33-39 0.36 506 69.3 1.33 565 77.4 
39-49 0.98 699 87.8 1.31 703 83.3 
49-59 0.81 674 35.3 1.05 690 87.4 
P-2iaA., Winterset 
0—6 0.55 105 14.1 0.71 126 16.9 
6-11 0.59 58 8.5 0.73 63 9.9 
11-15 0.63 42 7.5 0.78 54 9.6 
15-20 0.64 28 5.7 0.88 59 12.1 
20-25 0.69 48 11.6 0.96 62 15.0 
25-30 0.81 36 21.4 1.11 107 26.6 
30-36 0.91 328 52.6 1.25 369 59.1 
36-44 0.84 601 76.6 1.28 642 Sl.S 
44-52 0.93 699 82.0 1.53 783 91.8 
P-220, Haig 
0-7 0.50 88 16.3 0.61 105 19.4 
7-10 0.45 49 9.2 0.56 65 12.2 
10-14 0.46 4L 8.0 0.61 51 10.0 
14-18 0.50 28 8.4 0.64 40 12.1 
lS-22 0.51 31 9.9 0.79 37 11.9 
22—26 0.59 29 9.7 0.91 46 15.4 
26-30 0.63 53 17.5 1.06 91 30.0 
30-34 0.69 228 50.4 1.14 278 61.5 
34-40 0.73 383 64.4 1.14 423 71.1 
40—46 0.63 507 72.4 0.96 564 30,6 
46-52 0.56 554 77,7 0.84 617 36.5 
52-60 0.64 643 81.5 1.05 709 39.9 
P-16, Edina 
0-5 0.56 155 27,9 0.73 188 33.8 
5-9 0.64 83 17.7 0.75 89 19.0 
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from the soils. Table 7 shows the iron and phosphorus va.liies 
obtained v/ith and -vrithout the magnGsium ribbon in the VlT HCl 
oxtractant. Included in the table ali^o arri data shov/in^ by 
difference the increases in iron, phosphorus, and percentage 
of total phosphorus extracted, which were produced by tlie 
addition of the magnesium ribbon to the extracting agent. 
Figures 9> 10, 11, 12, and 13 shov; the increases of iron and 
phosphorus vith depth for each profile. 
The data indicate that magnesium ribbon in the HCl 
effected a greater release of iron and phosphorus from all 
of the samples in the profiles than did the % HCl minus 
the magnesium ribbon. In the A and C horizons greater in­
creases occurred in the release of phosphorus than in iron, 
but in the B horizons the greater increase i;as in the iron. 
This effect occurrecl in all profiles except the Minden. 
In the Hinden profile the magnesium ribbon caused a release 
of more iron in relation to the release of phosphorus in the 
A and C horizons and a reverse of this in the B horizon. 
In other words the Minden profile samples reacted in a 
manner opposite to the other profile samples regarding the 
action of the magnesium ribbon on iron and phosphorus. 
It is of interest to note that the percentages of iron 
extracted by the U-K HCl with the magnesium ribbon added are 
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Figure 9, Increase in Amounts of Iron and of Phosphorus Re­
moved from the Minden Profile in the Presence of 
Magnesium as a Reducing Agent in the HCl used 
as an Extractant. "" 
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Figure 10. Increase in Amounts of Iron and of Phosphorus 
Removed from the Winterset Profile in the Pre­
sence of Magnesium as a Reducing Agent in the 
W HCl used as an Extractant» 
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Figure 11, Increase in Amounts of Iron and of Phosphorus 
Removed from the Haig Profile in the Presence 
of Magnesiiim as a Reducing Agent in the ^  HCl 
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Figure 12. Increase in Amounts of Iron and of Phosphorus 
Removed from the Edina Profile in the Presence 
of Magnesium as a Reducing Agent in the HCl 
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Figure 13. Increase in Amounts of Iron and of Phosphorus 
Removed from the Putnam Profile in the Presence 
of Magnesium as a Reducing Agent in the ^-N HCl 
used as an Extractant. " 
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"by the free iron oxide method. The phosphorus extracted by 
this rigorous l-hK IICl treatment v;as considerably higher than 
that obtained in the other phosphorus studies, but the same 
ceneral trends exist, especially vith regard to the effect 
of sample depth on the relative anount of phos^^horus ex­
tracted in the profiles. In the case of the HCl with the 
magnesium ribbon around 17 to 2V percent of the total phos­
phorus was extracted in the surface samples, only 10 to 20 
porcent of the total phosphorus was removed from the lower 
A horinon sajaples, and as much as about 85 to 98 percent of 
the total phosphorus was extracted from the C horizons, 
A regression analysis was made on the increases in iron 
and phosphorus effected by the magnesium ribbon, and the 
regression line is plotted for all horizons in all profiles 
in Figure 1^, The correlation coefficient and the regres­
sion coefficient were highly significant at the 1.0 percent 
level. Separate regression analyses i;ere made on the data 
for all of A, B, and C horizons, but no significant differ-
once was obtained beti/een horizons. However, decided 
trends in the data for the separate horizons are indicated 
in the regression equations given below: 
Equation for the straight-line relationship: 
y B mx • b y B phosphorus, ppm 
m • regression coefficient 
X - iron, percent 
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y s 79x • ^ 
If X s 0.1 
y - 79 (0.1) ^  k 
y z 11.^ 
B horizons: 
y = llhx " 7 
If X s 0.1 
y s llif (0.1) - 7 
y s 
C horizons: 
y s 13^ x - 3 
If X s 0.1 
y = 13'^  (0.1) - 3 
y s io.it 
All horizons: 
y s llOx - 2 
If X s 0.1 
y s 110 (0.1) - 2 
y = 9.0 
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An iricroase of 0,1 percent in the amount of Iron 
released from the soil) as effected by the presence of 
nia^nesiiim ribbon in a Vk IICl extrnctant, produced increases 
of ll,hf 10,fmd 9*0 ppra of 'jhosohorus in the A, B, C, 
and all horizons respectively. As has been mentioned pre­
viously the , B, and C horizon data did not differ sif^ni-
ficajitly from the data for all horiaons but the trends indi­
cated in "'ijure?^ 9> 10, 11, 12, and 13 are apparent. 
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DISCUSSION 
In the sequence of soil profiles used in this study 
the effect of time of soil weathering is reflected in their 
morphology (27j 28, 55» 63, 6V-), In the B horizons of the 
profiles which have weathered for a longer time a greater 
amount of clay has been found (Figure 1) • Although the 
tine of soil weathering associated v/ith the exponential 
thinning of the loss (63, 6^-) has been considered to be 
the most important factor causing soil differences, it has 
also been recognized by the various investigators that 
some size sorting of loess particles has occurred along 
the traverse. As some phosphorus-bearing minerals iiave 
been shown to be more dense than many other soil-occurring 
minerals (36), it is also possible that some sorting of 
phosphorus-bearing minerals has occurred along the traverse, 
although no data for or against this are available. Pos­
sibly then, the original parent materials of the profiles 
studied may not have been uniform as to phosphorus content. 
The soil profiles were not all sampled to the same 
depths, and the vertical thickness of the samples used 
was not the same, w^.ampling of the profiles according to 
discernable differences found in the field and to a depth 
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below which no further genetic changes v;ere obvious was the 
approach used in the sampling problem. However, in the 
Putnam profile the depth of the loess determined the maxi­
mum depth sampled. Undoubtedly the use of samples from the 
natural genetics layers in the profiles was correct, but 
maximum depths of from 6 to 8 feet (where possible) v/ould 
have been better for showing the phosphorus distribution in 
the profiles. 
The soils studied can be classified with the Prairie 
(Brunigra), Wiesenboden, or Planosol great soil groups. 
This indicates that the Prairie soil (Minden) has formed 
under better drainage conditions than have the other pro­
files, and it might be argued from this standpoint that the 
Minden profile should not have been included in the study, 
Ilov/ever, in this study the assumption was that the differ­
ence in tine of soil weathering has been the major factor 
in producing the changes in the profile properties, and 
should this factor have been uniform along the traverse 
all of the profiles v;ould now be siuilar in stage of 
development and drainage traits. The question might also 
be raised as to whether or not the soils are sufficiently 
uniform that only one profile sample in each sample area 
is adequate in a study of this nature. Further investi­
gations v:ill be needed to answer this question, for it 
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shoiild be appreciated that the x/ork load is so great in 
making profile studies that any one investigator imst 
necessarily use relatively tevr profile scjnples if any con­
clusions, even though tentative, are to be made in a 
reasonable period of time. 
Distribution of Phosphorus in the Profiles 
The total phosphoi-us content of the profiles decreases 
\Tith depth in each case to a inininiuri in the lower A or B 
horiijons. It then increases to a value equal to or much 
higher in the C horizons than is found in the surface 
samples. The total phosphorus in the profiles decreases 
along the traverse from the Kinden profile to the Putnam 
profile, whether the phosphorus is calculated on a parts 
per million basis or as pounds per acre in the 0 to 2^ 
inch layers. However, the pounds per acre in the 0 to ^  
inch layers are less in the Haig profile than in sjiy other, 
and the ininiEtum value for total phosphorus in any one 
sample occurs in the B horizon of this profile. 
In order to attempt an explanation of the differences 
in the total phosphorus content and distribution in the 
profiles along the traverse, the following conditions 
should be stated: 
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(1) All of the profiles were selected frora nearly 
level to level sitos and thus erosion could not account 
for the differences noted. 
(2) All of the profile More from grass sod sites, 
either virgin or virgin-like from having been under grass 
for many years. This probably eliminates agricultural 
crop removals as a reason for the differences. 
(3) Herioval of phosphorus froii the soils tlirough grass 
utilization by aniraals should have been about eq.ual since 
it is not likely that any of the sites have been in farm 
par^tures. The utilisation of the soil phosphorus by animals 
then has been limited mainly to wildlife species, 
(U-) The total 3:!hosphorus has not accuiralated in the 
A horizons to an extent to account for the decreases in 
the total phos;-)horus in the B horizons. In fact, the 
total phosphorus in the A horizons decreases along the 
traverse, and in no case does the amount of total phos­
phorus in the A horizon exceed the amount in the 3 horizon 
in any of the profiles. It may be seen from Table 3 that 
the ratios of pounds per acre of total phosphorus in the 
0 to 2h inch layers in relation to the pounds per acre in 
the 2't to ^3 inch layers decrease along the traverse from 
the Minden profile to the Putnam profile. 
-93-
After con£5iderins tlio above mentioned factors the 
following remarks are su{,';3cr,ted as possible e^iplanations 
for the differences noted in the total phosphorus measure­
ments in the profiles: 
(1) The orirjinal parent ma.terials of the soils nay 
not have been very sinilar in phosphorus content because 
of .'sorting of the particlos during the loess deposition; 
the heavy phosphorus-bearinS minerals mjr Iiave tended to 
settle nearer the source of the loess, 
(2) All of the loess may not have had a co;anon 
rource. 
(3) If it iP assumed, however, that the orisinal 
parent materials vere •oniforra in phosphorus content, then 
it follows that sizable amounts of total phosphorus have 
been lost frori the profiles during weathering. This is 
indicated by the lessor amounts of total phosphoms 
occurring in the profiles in relation to the degree of 
weatherins exhibited in the soils alone "the traverse. 
Allavay and Ilhoados (1) obtained evidence that during 
formation of sono Nebraska loesp-derived soils some of 
the soil phosphorus had been mobilized. This was sug-
ger.tcd by the high anioimts of total phosphorus which they 
found in illuviated CaCO^ layers in the soils. Glent;vorth 
(2V) concluded that in poorly drained soils alternating 
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oxidlzing and reducing conditions was a factor in the 
mobilization of soil phosphorus. The profiles used in the 
present study are water saturated during rather long periods 
in the spring of the year, and the water table probably 
fluctuates at around a depth of 30 to 60 inches for cnich 
of the remaining frost-free periods of the year. It should 
be noted that in all of the profiles sharp increases in 
content of total phosphorus occurred at depths of from 30 
to 36 inches. Likewise, the amounts of the various forms 
of extractable inorganic phosphorus also increased at these 
depths, 
(^) The low amount of total phosphorus in the lower 
A and B horizons may be attributed in part to the uptake 
of inorganic phosphorus by plants followed by deposition 
of the phosphorus in organic forms in the surface of the 
soils. However, as none of the surface samples are high 
in total phosphorus in relation to the amounts in the C 
horizons, it seems more likely that the decreases which 
have occurred in the lov/er A and B horizons have been 
produced by downward movement of the phosphorus or by 
removal of the phosphorus from the site by higher plants. 
As the profile sites are virgin-like, the loss of phos­
phorus by plant removal seems unlikely as the major factor 
accounting for the low total phosphorus in these horizons. 
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Also, from Figiire 3 it appears that in the process of the 
formation of the bleached A2 horizons and the claypans in 
the Edina and Putnam profiles some of the soil phosphorus 
originally In the A horizons has moved to lov/er levels. 
(5) The porinds per acre of total phosphorus in the 
0 to ^ 8 inch layer in the profiles shows the intermediately 
\-7eathered Ilsig to contain the lovrest amount. This is 
difficult to explain if it is assumed that the more strongly 
developed profiles have lost more of their total phosphorus. 
Hov/ever, the calculation of the pounds of phosphorus per 
acre involved the use of volume weight figures reported 
by other v/orkers (63, 6^-, 66), and it is possible that 
these values are not applicable to the profiles in the 
cases where different profiles were sampled by the author. 
Another possibility is that at some advanced stage in the 
profile weathering along the traverse the rate of loss of 
phosphorus from the profiles decreases v/hile the rate of 
increase in volume weight between profiles is accelerated. 
In such a case the parts per million of phosphorus in the 
highly weathered soils might still be lower than in the 
lesser weathered soils, but the pounds of total phosphorus 
in a given volume of the highly weathered soils might be 
greater. The volume weifrhts of the soils along the traverse 
are not greatly different in the 0 to 2'+ Inch layers and 
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the total pounds of phosphorus pe-r acre decreases directly 
from the Mind en to the Putn^im profile. 
(6) Minor differences in the total phosphorus deter­
minations may be attributed to experimental error, but the 
total phosphorus in amounts and in the vertical distribution 
in the profiles agrees quite v/ell with the reports of other 
investigators using Nebraska and lov/a soils, some of which 
were similar to the soils used in this study (1, ^ 9), 
The organic phosphorus in the profiles studied here 
was found to decrease along the traverse in a siiailar fashion 
to the total phosphorus. The distribution of the organic 
phosphorus in the profiles is related to the distribution 
of the carbon and nitrogen, and of course the amount of 
organic phosphorus in the profiles decreases vrith depth. 
The differences in the organic phosphorus measured appears 
to be related also to the profile development found in the 
soils along the traverse. 
Before discussing the organic phosphorus aspects of 
the soil profiles further, some of the problems associated 
with the determination should be mentioned. The method 
used C+l), like all organic phosphorus procedures, is sub­
ject to considerable variation in results. Tliis is readily 
apparent when it is pointed out that the procedure for 
obtaining the organic phosphorus data involves a multiple 
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acid and base extraction of the soil, followed "by the 
dctervaination of the inorganic and total phosphorus in 
the extract. The difference bet\-;een those t'JO deterr.iina-
tion^3 ir? taken to be the orcanic ;'.hosphorus, Tlie or!janic 
phosphorus rosiilts were found to vary *20 ppm and conse­
quently the values less than 20 ppm were reported as zero. 
The variations in results v:ere especially great in the 
substrata of the profiles, since in these layers the 
inorj-^anic phosphorus was very hijh in relation to the 
anount of organic phosphorus present. Part of the varia­
tion in the results i/as no doubt associated "with the actual 
determination of the quantities of phosphorus in the soil 
extracts (38), Itother research is needed on all aspects 
of the procedure insofar as its application to the deter-
nination of soil organic phosphorus is concerned. 
After considering the inherent variation in the soil 
organic phosphortis results, it is still apparent that the 
organic phosphorus, carbon, and nitrogen are related in 
the profiles but hare not been equally affected during 
soil formation. 
The organic phosphorus is progressively less in 
each profile alon:^ the traverse when the pounds per acre 
arc calculated in the 0 to 2^ inch layers. Decreases in 
the jrarface samples along the traverse are not so apparent, 
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2.S the Mindori aiicl ''interpct are about equal in organic 
phos'phorus3 contents in this layer, and the Ritnam profile 
is equally as hi^h or higher in organic phos.jhorus in tlie 
surface sample than the idina, (The i,dina sample may have 
been affected by line dust from a nearby roc-id (6'^-)•) The 
organic phosphonis in the r.;urface samples does not follow 
the increase in carbon and nitrogen occ^^'ri3^s from the 
liindcn to the './interset and Haig profiles. This nay be 
interpreted to :iicari that in soil formation there is a 
stronger tendency for caTbon and nitrogen to be retained 
in the soil profile at these stages of profile develop-
™.ent than for tlie orr;anic phosphorus. In the subsoil 
sainples the sarae relationships seem to exist—that is, 
the organic phosphorus tends to decrease vith depth in the 
more v/eathercd profiles at a niore rapid rate than in the 
lesser developed soils and at a nore rapid rate than do 
the carbon and nitrogen. However, a study of the organic 
phosphorus, carbon, and nitrogen relationships in Table ^  
seems to indicate that in the highly weathered Fdina and 
Putnam profiles these materials exist in relation to each 
other raore like they do in the Minden profile than in any 
other profile. This probably means that the carbon, nitro­
gen, and organic phosphorus compounds in the highly 
v/eathered soils are those v/hich are more stable and tend 
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to bo maint'dineci in tiic r;oxl for lon^* periods of further 
soil profile xreatherirjg, A trend tov^ard constancy in the 
organic pho-'phorus contents at high levels rjixl at low 
lovels ir, indicated iii Fi-^ure 6, Tliis figure also sug­
gests that the organic phosphorus becomes less in relation 
to the inor.'^anic phosphorus as t)ie profiles \:eather to tlie 
Planosol characteristics, Tliis relationship is especially 
obvious fro;i lisure 5 ''.rtiich shows the very Ioh percentage 
of the total phosphorus in the orc^Lnic forms in the blcached 
A2 horizons of the Planosol soils. 
The organic phosphorus, carbon, and nitrogen rela­
tionships in the profiles agree fairly veil v.'ith the 
findings of other ^/orkers (1, V, 23» 62, 6^), rrora the 
present study and the work of others it appears that the 
orgariic phosphorus conprises as much as percent or nore 
of the total pjhosphorus in soils and that the amount pre­
sent is affected by the location in the profile and by the 
genetic characteristics of the profile. 
The inorganic phosphorus in the profiles was reported 
a:? the difference bet\;een the total phosphorus and the 
or::anic phospliorus (Table 2). Various extractions were 
made on the soil sariiples in order to learn something con­
cerning the nature of the inorganic phosphoinis in the 
various portions of the profiles. 
Tbo dl3tri''oution of tli(^ inor-anic phos uiorus in the 
profiled is affccto" tlio distribution of the total an.d 
oi-;anic oho5^)honis, thus aAy a.ttorrpt to exnlain tho c.ls-
ti^iljution norely load^ to the- disc-a.^nion alr0a.dy ^•^ivrn, 
'loirovoi*, it .should bo mentioned that in the Planosol aoils 
(;'dina and Futna,m) tlio data on tho inor:?anic phosphorus 
r/agno'^t that the phos-nlioi'us in the Tipper A horizons of these 
roils han novod into the low'^ r A and B horir,oiis. This vra.s 
pointed out also in discussing the total phosphorus. 
The results of the varied pll extraction of the soils 
riven in Tahle 5 ^ -tid Figure 7 sone idea of the na.ture 
of the inorganic conpoimds in the soils. Based on rtelly's 
^rorl: (57) i"k appears that the inor;;;a,nic phosphorus in the 
soil profiles in tho present study are of an Indeter.iiinant 
nr,'l7are in the surfo.ce sanples; are prodor.inantly iron, 
aluir-inurn, and clay complexes in the lo^rcr i\ and V> horizons; 
and are to a laTge extent "basic phosphates of calcium R.nd 
na.^nesiura 3.n the C horizons. Tahle 3 shOT/s sone of the 
data irhich Stclly obtained on phosphorus-bearinc riinerals 
I 
pnd the conclusions as to phosphorus foms in the soils 
studied are in general based on his results. He also 
checked sone C horirions of several lora soils and he con­
cluded that the phosphorus forns irere mostly of the calciim 
phos-hate forms in th^ least weathered soils, but vcrc nore 
Table 8 
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^Reproduced from Stelly (57) Tables 15, I6, and 17, pp. 76, 79, 81. 
HCl and NaOH approximately O.IN, 0.1 gram samples, total voltune 
100 ml. Extracted 2h hours at approximately 27° C. 
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likely iron and aluminum complexes in the strongly developed 
soils. The trends in the study here indicate that vreathering 
of the profiles has caused a shift from the forms of inor-
sanic phosphorus associated with basic ions such as calcium 
and magnesium to more iron and aluminum phosphates. This 
is suggested by the decrease along the traverse in the re­
lative amounts of phosphorus soluble at low pH values in 
relation to that soluble at high pH values, and by the 
decrease in the percentages of the total phosphorus extract-
able in the acid media in relation to profile development* 
Some of the phosphorus in all horizons of the profiles 
is associated with iron as seen from Table 7 and Figures 
9> 10, 11, 12, 13, and iV, These iron-phosphorus rela­
tionships are also suggested in the phosphorus solubility 
study at the various pH values, in that all of the solu­
bility curves at the different reactions show some phosphorus 
to be soluble at the high pH values. In light of these 
indications it is apparent that the forms of inorganic 
phosphorus in all horizons of the soils are varied, and 
conclusions concerning the nature of the inorganic complexes 
must be very general and relate to what appears to be the 
dominant type of complex. 
Further study of Table 7 and Figures 9? 10> 115 12, 
and 13 shows that more phosphorus is released in relation 
to a given release of iron in the A and C horizons than in 
-103-
the B horizons in all of the profiles except the Minden, In 
the uindon profile the reverse situation is foimd. This 
rni[^ht be explained by the fact that the free iron oxides 
(Table 6, .""igure 8) are distributed differently in the pro­
files in relation to soil weathering. The Ilinden profile 
contains more free iron oxides than the others and this form 
of iron is rather evenly distributed \;ith depth. In the 
other profiles relatively much more of the free iron oxides 
are found in the B horizons than in the A and C horizons. 
Since the phosphorus decreases in the B horizons v/ith soil 
weathering it follov/s that less phosphorus should be asso­
ciated with a given amount of iron in the B horizons than 
in the loir iron-high phosphorus A and C horizons. This 
relationship is reversed in the I'inden profile probably be­
cause imich more iron occurs in the A and C horizons of this 
profile than in the others, and in the B horizon of the 
i'inden profile the phosphorus has not been lost to the 
extent shovm in the other profiles. Too, the Mind en 
profile has not been weathered as strongly as the re­
mainder of the profiles. The over-all trend in the 
iron-phosphorus relationships in the profiles strongly 
suggests that with time of soil formation relatively more 
soil phosphorus becomes associated with iron in all hori­
zons but the amount of phosphorus associated with a given 
airtount of extractablc Iron in the B horizons is relatively 
lover than in the A rmd C horizons because of the lov; ainoimt 
of phosphorus in the B horizons. The absolute anomits of 
('liosphorus extracted in relation to a fjiven amount of iron 
released bj' an extraction is no doubt affected also by the 
total amount of each present and the nature of the conplex 
in which they exist. The trends in the differences beti.-reen 
horizons as to their iron-phosphorus status 8j?e very pro­
nounced in spite of the fact that no differences vrere 
obtained by the method of regression analysis used. 
The low extractability of inorganic phosphorus in the 
A and B horizons secns to indicate that the organic matter 
and/or the clay prevents contact of the phosphorus by the 
extracting acents. However, the higher solubility of the 
inorganic phosphorus in the surface samples as compared to 
lov/er portions of the A horizons suggests that decomposing 
organic matter maintains a better siipply of soluble phos-
])honi3 in the surface layers of the profiles. The solu­
bility of the inorganic phosphorus vjould be expected to be 
related to tlie reaction (pH) of the natural soil. Movever, 
in this investigation the relatively small changes in the 
pH of the samples along the traverse does not seem to be 
well correlated with the differences in results in any of 
the various inorganic phosphorus determinations. 
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f!oll Phosphorus-Soil V/eathering Trends 
Along the Traverse 
The main interest in making this study was to attempt 
to relate the soil phosphorus to the soil formation pro­
cesses exhibited in the several soils studied, Ivith this 
in mind it was decided to include sections in the discussion 
dealing more specifically with the soil phosphorus-soil 
formation trends indicated by the data. 
Assuming that the most important variable in the soil 
forming factors has been time of weathering of the profiles, 
the question then arises as to why the phosphorus status 
of the several profiles is different. From the studies of 
the solubility of the inorganic phosphorus in the profiles 
and the iron and phosphorus relationships it seems logical 
to conclude that the original loess contained relatively 
high amounts of phosphorus associated with such bases as 
calcium and magnesium with possibly some phosphorus com-
plexed by iron and aluminum. The main form of phosphorus 
present was probably apatite. 
The effect of time of soil weathering on the soil 
phosphorus as found in this study may be described by use 
of the trends occurring from the profile which has been 
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weathered for the shortest period of time (Minden) to the 
profile which has; been v/r:athered for the greatest length 
of time (Putnam), The indicated effects of time of soil 
v;eathering on the soil phosphorus are as follows: 
(1) Time of soil weatherinp; has altered the total 
phosphorus content of the soils, 
(2) The vertical distribution of total phosphorus in 
the soil profiles has chsinged during soil formation, 
(3) The total phosphorus content of the B horizon of 
the soil profiles has been affected by time of soil 
weathering more than either the A or C horizons, 
(^) The loss of phosphorus from the B horizons cannot 
necessarily be accounted for by the accumulation of organic 
phosphorus in the A horizons, 
(5) The forms of inorganic phosphorus in the soil 
profiles tends to change from complexes associated with 
bases such as calcium and magnesium to complexes of iron, 
aluminum, clay, and organic matter, 
(6) The forms of soil phosphorus are altered at a 
more rapid rate in the A and B horizons than in the C 
horizons, 
(7) Phosphorus probably has been lost from the soil 
profiles by leaching during soil formation. 
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(3) The organic phosphorus, organic carbon, and total 
nitrogen increases to a maximum early in the period of 
soil formation and then decline gradually. 
(9) The relationships of organic phosphorus, organic 
carbon, and total nitrogen change during soil formation. 
The above trends in soil phosphorus during soil forma­
tion have been brought about by dynamic changes in the 
soil profiles. 
Concepts of Soil Phosphorus-Soil Weathering 
Trends Along the Traverse 
Previous studies (63, 6^) have indicated that Prairie 
soils may develop into ''iesenboden, and the latter into 
Planosols, if given favorable environmental conditions. 
Such studies have not included phosDhorus trends in soil 
development. 
If the concept is correct that a Planosol soil such 
as the Putnam passes through a iesenboden stage, and per­
haps earlier a Prairie-'''iesenboden intergrade stage, then 
the phosphorus trends, based on the present study, can be 
vi5uali25ed as follows: 
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Ptage I, Minimal VfiesonbodGn or intergrade Viesenbodc-n-
Prairie stage. 
High content of inorganic phosphorus: 
phosphorus not lirdtins factor in vegetative 
growth; therefore organic phosphorus, organic 
carbon, and nitrogen at or near optimum; 
some phosphorus has been lost from B horizon 
to lower C horizon, possibly as v^ater-soluble 
organic and inorganic forms; original car­
bonates of magnepium and calcium have been 
leached to lower C horizon, but upper C and 
lower B horizon have high base saturation. 
Stage II, Intergrade Uiesenboden-Planosol stage (perhaps 
represented by Haig profile), 
Organic phosphorus content less than 
Stage I; phosphorus associated with divalent 
cations (calcimi and magnesi-um) less than in 
Stage I, more phosphorus probably associated 
with iron and aluriinum or clays, loss of 
phosphorus to lower C horizon. Plant growth 
perhaps sonei^rhat less vigorous than in 
Stage I, 
r'tagc III, Medial Planosol stage (represented by the f-utnara 
profile), 
Organic phosphorus had declined from 
Stage II, Phosphorus availability very low; 
inorganic phosphorus probably largely asso­
ciated with iron aluminum or clay in A, B, 
and upper C horizons; mineralized organic 
phosphorus probably readily fixed; probably 
little movement of phosphorus to lower C 
horizon, Plojit growth likely much less than 
in Stage II, 
In the formulation of the above theory of the trends of 
phosphorus with increasing soil development, the cause of 
decline of the organic phosphorus from Stage I to Stage III 
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should be discussed further. The loss of some of the or­
ganic phos'^horus nay have occurred by movement downward out 
of the profile, as much of the total phosohoru? appears to 
have been lost in that manner, but the major factors 
involved probably are related more to the soil changes re­
sulting in poor grov/th of native plants. 
V.'ith profile weathering imich of the calcium and magne-
rium is lost from the upper portions of the profile and the 
soil becomes more acid. Associated vith these changes the 
soil becomes less fertile for plants; it is likely that the 
more available forms of calcium and magnesium phosphates 
decrease, while lesr> available iron and aluminum phosnhates 
increase. Concvirrent vith the chemical changes, clay 
accumulates in the B horizon, creating a poor ph3''sical 
environment for plant roots, a result, plant gror-rth 
probably bccoraes le?? vigorous '.'ith tine of soil weathering, 
•ith less growth of plants, less plant material is returned 
to the soil to decompose. The decomposition that does occur 
releases some of the or":anic phosphorus, but this phosphorus 
probably tends to become flx:ed by iron, aluraiinam, or clay. 
Buch tendencies in the soil vould create a cycle whereby 
plant growth would decrease toward a minimum for the environ­
ment. More studies are needed to test some of the theories 
-110-
proposod in this invcrtiratioiij but the author hopes that 
he has added impctur; to the interest in soil x'hor.phorus in 
relation to soil devclopnent. 
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SUI^ R-IARY 
A study was made on the distribution and nature of 
phosphorus as functionally related to the morphological 
characteristics in a sequonce of virgin-like Peorian loess-
dorived soils occurring on nearly level to level sites in 
southvrestern Iowa and northern Missouri. The soil profiles 
studied v/ere, in the order of the degree of vreathering, 
as followss (1) Minden (P-217A), (2) Vinterset (P-218A), 
(3) Haig (P-220), (^) Edina (P-l6), and (5) fnitnam (P-186). 
These soil series can be classified with the Prairie 
(Bninigra), Viiesenboden, and Planosol great soil groups. 
The total phosphorus vtsls determined in the profiles 
and was found to decrease in the profiles along the tra­
verse in relation to the degree of soil feathering. The 
vertical distribution of the total phosphorus was; found to 
be affected by depth in the profiles. The lower A and B 
horizons tender] to be low in total phosphorus in relation 
to the A and C horizons, but in no case vras the A horizon 
in any profile higher in total phosphorus than the C 
horizon. The total phosphorus in the B horizons appeared 
to decrease in relation to time of soil weathering to a 
minimum in the intermediately vreathered Haig profile and 
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then to increase slightly in the highly veathercd Planosols, 
The total phosohorus present in the profiles and the dis­
tribution of the phosphorus in the profiles strongly sug­
gested that phosphorus had been lost from the profiles by 
l<?aching • 
The organic phosphorus was found to amount to over 50 
percent of the total phos^^horus in the soirface samples in 
the profiles, and to decrease with depth to indeterminant 
amounts at some point in the B horizons. The rate of de­
crease in organic phosphorus with depth in the profiles 
appeared to be accelerated by the time of soil weathering. 
This effect was very pronounced in the bleached A2 horizons 
of the Planosol soils (Edina and Putnam). The total phos­
phorus, organic carbon, and total nitrogen contents of the 
profiles were found to be related, but the organic phosphorus 
decreased directly along the traverse while the carbon and 
nitrogen firr-t increased and then decreased in relation to 
distance along the traverse, 
f?olubility studieji, with the soil-extractant suspensions 
varying in pH from around 2,0 to 11.0, gave some indication 
of the nature of the inorganic phosphorus in the profiles. 
The results indicated that the inorganic phosphorus in the 
surface samples was rather indeterminant; that in the lower 
A and B horizons most of the inorganic phosphorus was 
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associated iron, aluminum, and clay; and that in the 
C horizons the major portion of the inorganic phosphorus 
vras probably associated v;ith bases such as magnesium and 
calcium. The trends along the traverse indicated that soil 
veathoring had brought about a shift in the inorganic phos­
phorus forrar. from those associated with calcium and magnGcium 
toxrcrd the iron, aluminum, and clay complexes. 
A study of the release of phof^jhorus in relation to the 
release of iron, vdth and v.'ithoiit a reducing agent in an 
acid extractant, indicated that some of the phosphorus in 
all horizons of all profiles was associated with iron. The 
changes in the iron-phosphonis relationships with depth in 
the profile strongly indicated that more phosphorus was 
associated \-.'ith a civen amount of iron in the A and C hori-
2:0ns than in the B horizons in all profiler except the 
Tlinden. These effects were explained on the basis of the 
soil weathering and on the distribution of the free iron 
oxides in the profiles. 
Theories v/ere developed which might explain why some 
of the differences in the soil phosphorus occurred along 
the traverse. These theories were based on the asstimption 
that time of soil weathering has been the major factor 
affecting the soil phosphorus as to content and distribution 
in the several profiles studied. 
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corcnisions 
From a study of tho distribution and nature of phos­
phorus in a geo-chrono-sequonce of loess-derived ?;oils the 
following conclusions seem varranted: 
(1) The TT.iirie (Brunigra)-I.'iesenbodon-Planosol soil 
profiles studied alon^ a traverse crossinj: southwestern lova 
to northern Missouri vary as to content and distribution of 
soil phosphorus. 
(2) The content and distrilmtion of the total phos­
phorus is affected "by the weathering of soil formation, 
assuininf; tine to be the r.ajor variable in the soil forming 
factors along the traverse. 
(3) The total phosphorus content of the profiles tends 
to decrease in relation to the effect of weathering exlii-
bited in the profiles. 
(^) Soil voatherinn: ha?: had the most pronounced effect 
on the total phosphorus content of the B horizons in the 
profiles. 
(5) The loss of phosphorus from the B horizons during 
soil formation cannot be accounted for by nains of phos-
phonis in the A horizons. 
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(6) Soil phosplioras is very likely lost by leaching 
from soil profiles iinder the conditions of weathering 
applying to the soils studied, 
(7) The organic phosphorus tends to decrease with soil 
( development, and the rate of decrease with soil depth is 
' more pronoimced in the highly developed soils. 
(8) The organic phosphorus, organic carbon, and total 
nitrogen contents of the profiles are related, but soil 
weathering has not had the same effect on their relation­
ships in the different profiles. 
(9) More inorganic phosphorus tends to be associated 
with a given amount of iron in the A and C horizons of the 
profiles than in B horizons under weathering conditions 
, more advanced than has affected the Minden profile. 
(10) V'eathering of the soil profiles has tended to 
change the inorganic phosphorus forms from complexes prob-
I ably associated with calcium and magnesium to complexes of 
iron, aluminum, clay, and organic matter. 
(11) Some of the changes in the soil phosphorus in the 




Allaway, W. H. and Rhoades, H. F. The solubility of 
phosphorus in different horizons of some Nebraska 
soils in relation to the type of profile develop­
ment. (Unpublished research). Nebr. Agr. Exp, 
Sta. 19^5. 
Alway, F. J. and Host, C. 0. The vertical distribution 
of phosphorus in the surface soil of prairies. 
Soil Sci. 2:lf93-^97. 1916. 
Association of Official Agricultural Chemists. Official 
and tentative methods of analysis of the asso­
ciation of official agricultural chemists. Sixth 
Ed. Association of Official Agr. Chemists, 
VJ ashing ton, D. C. 19^5, 
Auten, J. T. The organic phosphorus content of some 
loi^a soils. Soil vSci. 13:119-12^, 1922, 
Bennie, E. J., Perkins, A. T. and King, H. H. The effect 
of calcium ions and the reaction upon the solubility 
of phosphorus. Soil Sci. M-2:29-38. 1936. 
Black, C. A. Phosphate fixation by kaolinite and other 
clays as affected by pH, phosphate concentration, 
and time of contact. Soil Sci. Soc, Amer. Proc. 
7:123-133. 19^2. 
Black, C. A. The penetration of phosphate into the 
kaolinite crystal. Soil Sci. Soc, Amer. Proc. 6: 
157-161. Wl. 
Bray, R, II. Rapid tests for measuring and different­
iating betv/een the adsorbed and acid-soluble forms 
of phosphate in soils, Univ. of 111. Agr. Fxp. 
Sta. Circ. AG 1028, 19^2. 
Bray, R, H. and Dickman, S, R. Adsorbed phosphates in 
soils and their relation to crop responses. Soil 
Sci. Soc. Amer. Proc, 6:312-320, 19^1, 
-117-
10. Bray, R. H, Chemical and physical changes in soil 
colloids with advancing development in Illinois 
soils. Soil Sci. ifSsl-l^. 1937. 
11. Bray, R. H. The origin of horizons in claypan soils. 
Amer. Soil Survey Assoc, Bui. l6;70-75. 1935. 
12. Bray, R, H. A chemical study of soil development in 
the Peorian loess region of Illinois, Amer. Soil 
Survey Assoc. Bui, 15:58-65. 193^. 
13. T)ean, L, A, and Rubins, E, J, Anion exchange in soils. 
1. Exchangeable phosphorus and the anion-exchange 
capacity. Soil vSci. 63:377-387. 19^7. 
1^. Dean, L. A. An attempted fractionation of the soil 
phosphorus. Jour. Agr, Sci. 28:23^-2^6. 1938. 
15. Dean, L. A. Distribution of the forms of soil phos­
phorus. Soil Sci. Soc. Pimer. Proc. 2:223-227. 
1937. 
16. Dickman, S. R. and Bray, R. H. Replacement of adsorbed 
phosphate from kaolinite by fluoride. Soil Sci. 
52:263-273. 19^ 1. 
17. Dickman, S, R. and Bray, R. H. ColoriEietric determina­
tion of phosphate. Ind. Eng. Chem. Anal. Ed, 12: 
665-668. 19k>. 
18. Doughty, J, L. Phosphate fixation in soils particu­
larly as influenced by organic matter. Soil Sci. 
191-202. 1935. 
19. Fisher, R, A. and Thomas, R. P. Determination of forms 
of inorganic phosphorus in soils. Jour. Amer, Soc. 
Agron. 27:863-873. 1935. 
20. Ford, M. C. The nature of phosphate fixation in soils. 
Jour. Amer, Soc. Agron. 25:13^-1^. 1933. 
21. Ford, M. C. The distribution, availability and natiire 
of the phosphate of certain Kentucky soils. Jour. 
Amer. Soc. Agron. 2^:395-^10. 1932. 
-118-
22. Gardner, Robert and Kelly, 0. J. Relation of pH to 
phosphate solubility in Colorado soils. Soil 
V.ci, 50!91'-103. 19W. 
23• Garraan, William L» Organic phosphorus in Oklahoma 
soils. ?roc, Okla. Acad. Sci, 28:89-100, 19^. 
2^-. Glentworth, R, Distribution of total and acetic acid-
soluble POi|. in soils Iiaving naturally free and 
impeded drainage. Nature l595'+^l-^'+2. 19^7. 
25, liaseinan, J. F., Broi'm, Earl H,, and Whitt, Carlton D. 
Some reactions of phosphate \Jith clays and hydrous 
o:tides of iron and aluminu:';i. Soil Sci, 70i2^j7-271. 
1950. 
26, Heck, A, Floyd, Availability and fixation of phosphorus 
in Havaiian soils. Jour, (\iaor, Soc, Agron. 27: 
87^ -38^ , 1935. 
27* Hutton, C. E. The morphology and genesis of prairie 
soils developed from Peorian loess in southwestern 
Tovra. Unpublished Ph.'n, thesis, Anes, loira. 
lova State College Library, 19^3, 
2Sa Hutton, C, F, Studies of loess derived soils in south-
vestern lovra. Soil J'ci, Soc, Amer. Proc, 12: 
if2if-^ 31. 19^ 7. 
29, Ignatieff, V. Determination and behavour of ferrous 
iron in soils. Boll Sci, 5lj2if9-263» 19^1» 
30, Jeffries, Charles D, A rapid method for the removal 
of free iron oxides in soil prior to petrographic 
analysis. Soil Sci, Soc, Amer, Proc, 11:211-212, 
19^ 6. 
31, Jenny, H, Arrangement of soil series and types according 
to functions of soil forming factors. Soil Sci. 
61:375-391. 19^6, 
32, Jenny, H. snd {^mith, G, D, Colloid chemical aspects of 
claypan formation in soil profiles. Soil Sci, 
39:377-339. 1935. 
33• Kay, G, F, and Graham, J. B, The Illinoian and Post-
Illinoian pliestocene geology of Iowa. lcr.m Geol, 
Survey Special Rept, 38s1-2d2, 19^1. 
-119-
3^, Kelly, B, and Midgely, A, H, Phosphate fixation on 
exchange of phosphate and hydroxyl ions. Soil 
Sci. 55:167-176. 19^3. 
35« Larson, ]•!, T ,, Allaway, VJ, H. and Rhoades, H. F. 
Characteristics of the clay fraction horizons of 
Scott silt loam and Pawnee silt loam. Soil flci, 
Soc, Amer. Proc. llj^^3-^7« 19^6, 
36, Leahey, Alfred, Mineralogical and chemical studies of 
the inoro'anic phosphoinis compoun-ds in the soil, 
sci, Agr, 15:70^-712, 1935. 
37. Low, Phillip F, and Black, C, A. Reaction of phosphate 
with kaolinite. Soil Sci. 70:273-290, 1950. 
38, Martin, James B. and Doty, D, M, Determination of 
inorganic phosphate, modification of isobutyl 
alcohol procediire. Analyt. CJhem. 21:965-967. 
I9V9. 
39. Mattson. Rante, Alusaker, Igil, Koutler-Anderson, 
Elisabeth, Barkoff, hUgen and Vahtras, Karel, 
Phosphate relationships of soil and plant. VI. 
The salt effect on phosphate solubility in 
pedalfer soils. Annals Royal Agr. Col. Sweden 
17:1^ 1-160. 1950. 
^0, Mattson, Sante, IVriksson, Erik, Koutler-Anderson, 
Elisabeth, Barkoff, Bugen, Stahlberg, Sten, and 
Vahtras, Karel. phosphate relationships in plants. 
VII, Forms of P in the Marsta hy^rologic clay 
series. Annals Royal Agr, Col, SX'j-eden, 17: 
221-2U-6. 1950. 
Ul, Mehta, K, C, Determination of organic phosphorus in 
soils. Unpublished M.S. thesis, Ames, Iowa, 
Iowa State College Library, 1951. 
^2, Metzger, U, H, Phosphoms fixation in relation to the 
iron and aluminum of the soil. Joor. Amer. Soc. 
Agron. 33:1093-1099. 19^1. 
^3. Metzger, W. H. Significance of adsorption on surface 
fixation, of phosphorus by some soils of the 
Prairie group. Jour. Amer. Soc, Agron. 32:513-
526. 19^ 0. 
-120-
Midgley, A, R, Phors^vhate fixation in noils, A critical 
rcvie'/r, 5loil Pel, Amer. Proc, ^'.2^-30, 19'i-O, 
^5. Murphy, H, F. The role of kaolinite in phosnhate fixa­
tion. Hilsardia 12:3^3-382. 1939. 
^6, Norton, :i;, A. The genesis and morpholosy of the Prairie 
soils, Araer. Soil Survey Assoc. Bui. l^;>+0-j+2. 
1933. 
k7, Odynsky, W. Solubilitj'' and distribution of phosphorus 
in Alberta soils, .^ci. Agr, 16:652-66^, 1936. 
^^8, Paul, Harry. Rome ob;?ervation on the inochanism of 
phosphorus fixation in some soils of Hev; Guiana. 
Jour. Arjr. Sci. 39:2^+9-253. 19^9, 
^9. Pearson, R. U., Spry, Hobert, and Pierre, U. LI, The 
vertical distribution of total sjid dilute-acid-
sol-able phosphorus in t\^relve Iowa soil profiles. 
Jour, Amer. See, Agr on. 32:683-696. 19w. 
50, Pearson, R. VI, and Simonson, Roy W. Organic phosphorus 
in seven lova soil profiles; Distribution and 
amounts as compared to organic carbon and nitrogen. 
Soil Sci, F'oc. Amer, Proc, '+:l62-l67. 1939. 
51. Peter, A, M, On the distribution of phosphorus in a 
vertical section of bluegrass soils, Goil v'^ci. 
2:3B7-393. 1916. 
^52. Pierre, w. H, The phosphorus cycle and soil fertility. 
Jour, Amer. foe. Agron. H0:l-1^. 19^f3, 
53. Romine, Dale S. and Metzger, V/. H. Phosphorus fixation 
by horizons of various soil types in relation to 
dilute acid extractable iron and alurainun. Jour. 
Araer. Soc. Agron. 31:99-108. 1939. 
Jif. ?hrader, D. Soil association areas of northern 
Missouri. Soil Sci. Soc. Araer, Proc. llj5+58-if63, 
19^ 6, 
55. Smith, G, D, Illinois loess. 111, Agr, Exp, Sta, Bui. 
H90. 19^ 1-2. 
-121-
5o, Snell, Foster Dee and r^nell. Cornelia T. Colorinetric 
-nethods of analysis. 3rd F.6, Vol. 2. N.Y. D, 
Van Nostrand Co. Inc. 19^9• 
?7. Ptelly, Matthias, "orns of inorganic phosphorus in 
the lover horizons of soine Iowa .-^oils as indicated 
hy plant avn liability and choniical nethodn. Un­
published Ph.D. thesis, lava. Iov;a State 
College Library. 19^2. 
58. Stellj'-, Matthias, and Pierre, V. 11. I'orras of inorganic 
phosohoms in the C horizons of some Iowa soils, 
Soil'Sci. Soc. Amer. Proc. 7:139-1^7. 19^2, 
59« Stephenson, R. 5. and Chapman, H. D. Phosphate pene­
tration in field soils. Jour, Amer. Soc. Agron. 
23*759-770. 1931. 
60. Swenson, F.ichard "I., Cole, C. Vernon, and Tieling, ""ale 
11. r'lxation of phosphate by iron and aluminum and 
replacement by organic and inorganic ions. Soil 
Sci. 67:3-22. 19^9. 
61. Sv/enson, Itichard M. Ames, lova. Information on iron 
content of liinden (P-217) and I dina (P-l6) soil 
profiles. (Private cormmication). 195l» 
62. Thompson, Louis M. The mineralization of organic phos­
phorus, nitrogen, and carbon in virgin and culti­
vated soils. Unpublished Ph.D. thesis. Ames, 
Iowa. lo^m State College Library. 1950» 
63. Ulrich, Hudolph. .Some physical changes accompanying 
Prairie, VJiesenboden, and Planosol soil profile 
development from Peorian loess in southwestern 
Io\/a, Soil ?>Gi. Soc, Amer. Proc, l^i-:287-295» 
1950. 
6^, Ulrich, Rudolph. Some physical and chemical properties 
of Planosol and ''iesenboden soil sc-ries as related 
to loess thickness and distribution. Unpublished 
?h.~. thesis, Ames, Iowa, Iowa State College 
Library. 19^9. 
65. Wheeting, L. C. Shot soils of western Washington. 
Soil Sci. IflO?-^. 1936. 
-122-
Uhiteside, E. P. and Marshall. C. E, Mineralogical 
and chemical studies of -the Putnam silt loam, 
f^o, Agr, Fxp, Sta, Res, Bui, 396, 19^. 
Wild, Alan. The retention of phosphate by soil, 
A reviei;. Jour. Soil Sci, 1:221-238, 1950, 
-123-
ACKNOWLFJDGraTS 
The vrriter is deeply grateful for the superviPlon of 
Dr. F. F. Riecken during this study and for his assistance 
in the preparation of the manuscript. Dr. C. A. Black and 
Dr. W. H. Pierre made many helpful suggestions concerning 
the techniques used in the laboratory. Alexander Green, 
graduate student, Iowa "tate College, supplied the data 
on the portion of the mechanical analysis of the Putnam 
profile shovni in Figure 1. The author's v/ife, Jannette 
Godfrey, deserves many words of ap-oreciation for her 
bearing of domestic burdens "beyond the call of duty" 
throughout the period involved in this study. 
